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ABSTRACT 

The number and distribution of sockeye salmon {Oncorhynchus nerka) rearing in 
two glacial lakes (Skilak and Kenai Lakes, Alaska) was estimated from 
hydroacoustic surveys conducted in the fall of 1986. Application of a dual 
beam acoustic system during the survey allowed the collection of in situ 
target strength {and backscattering cross section) information for scaling of 
the echo integrator outputs to absolute fish density. 

The average target strength of fish sampled in Skilak and Kenai Lakes was 
-53.78 dB and -55.35 dB, respectively. Statistically significant differences 
in target strength were measured between 5 mdepth strata for both lakes. 

Approximately 21.5 million fry were estimated to inhabit Skilak Lake, with 
the majority (68%) located in the western third of the lake. In contrast, 
Kenai Lake was estimated to contain approximately 4.5 million fish and fish 
distribution was consistent with that observed in Skilak Lake (62% of the 
fish were located in the western third of the lake). The depth distribution 
of rearing fry was similar in both lakes with the highest densities of fish 
found 15 mbelow the surface. Tow netting of the lakes indicated that 97% 
and 88% of the targets were age-0 sockeye salmon in Kenai and Skilak Lakes, 
respectively. 

Comparison of the results of a survey of Kenai Lake during the day with the 
results of an evening survey indicated strong surface orientation of rearing
sockeye salmon during the day. 

The estimate of rearing sockeye salmon fry from these glacial lakes will be 
used to develop a forecast methodology for adult return to the drainage. 

KEY WORDS: hydroacoustic survey, sockeye salmon, target strength, glacial
lake, Alaska. 
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INTRODUCTION 

The commercial salmon fishing industry within the State of Alaska is a 
multi-million dollar industry which requires factual and accurate information 
on the status of the fishery resource. Of particular significance to the 
industry is the forecast of returning adult salmon to the fishery. This 
information is used for a variety of planning purposes including securing
loans, planning market strategy, setting starting prices for the raw 
product, and establishing operational dates and logistical requirements. In 
this context, the State of Alaska annually provides a statewide forecast of 
salmon returns to the fishing industry (Eggers 1986). 

For Upper Cook Inlet, Alaska (Figure I) the forecast of adult sockeye salmon 
(Oncorhynchus nerka) returns is based on spawner/return relationships (Tarbox
and Waltemyer 1986). Unfortunately, the data base is limited to just a few 
years of returns because the glacial character of the major sockeye salmon 
systems prohibited the enumeration of spawning adults until the early 1970's 
when refinement of hydroacoustic techniques allowed counts to be made (Tarbox 
et al. 1983). In addition, a forecast of returns based strictly on adult 
spawners is subject to extreme variability and assumptions regarding density
dependent factors (Ricker 1954). Ideally, the enumeration of migrating
sockeye salmon smolt as they exit these river systems would document 
freshwater production and provide data to establish a second relationship to 
adult spawners. However, the glacial nature and size of the major sockeye
salmon producing systems in Upper Cook Inlet makes a smolt enumeration 
project cost prohibitive. Therefore, a secondary forecast technique
independent of adult spawner/return relationships and/or smolt enumeration 
was desired. 

Recent advances in the field of hydroacoustic enumeration of rearing sockeye
salmon fry in lake systems provided an alternative to smolt enumeration. The 
use of hydroacoustic techniques for this purpose was initially tried in the 
1960's (Rogers 1967), but the limitations of the acoustic equipment made 
this approach appear unsuccessful. However, technological advances since 
those early days have resulted in numerous successful applications of 
hydroacoustic equipment for estimating juvenile sockeye salmon densities in 
lakes (Thorne et al. 1975; Thorne and Woodey 1970; Dawson 1972; Nunnallee and 
Mathisen 1972; Lemberg 1975; Thomas 1980; Thorne and Thomas 1982, 1983, 1984; 
Thomas et al. 1986 [a, b], 1987). The development of in situ target strength 
measurements by application of a dual beam hydroacoustic system (Ehrenberg
1974; Burczynski and Dawson 1984; Traynor and Ehrenberg 1979) has 
significantly expanded the opportunity to refine echo integration for 
estimates of absolute abundance (average backscattering cross section is now 
available in situ). Burczynski and Johnson (1986) recently reported the 
successful application of this approach for Cultus Lake, British Columbia. 

Obtaining an estimate of the number of rearing sockeye salmon fry also 
provides the opportunity to augment biological information on rearing sockeye
salmon in glacial lake systems of Alaska. Historically, biological data have 
been based primarily on methods which provide catch per unit effort data 
(notably tow nets and fish traps). These methods suffer primarily from 
limitations on effort, but also are affected by fish density, distribution, 
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based on: 1) ease of transecting during the night; and 2) the results of 
Kimura and Lemberg (1981) who reported that stratified methods of sampling
(i.e., zig zag) were uniformly more efficient than random parallel sampling,
especially at low sampling intensities. 

The hydroacoustic equipment for survey data acquisition consisted of a 
Biosonics, Inc. Model 105 echo sounder with dual beam receivers, a 420 kHz, 
6/15 degree dual beam transducer mounted in a towed body, a Model 171 tape
recorder interface, a Sony model SL-HF400 video cassette recorder and 
PCM-501ES digital audio processor, a Model 115 chart recorder, and a Model 
315P oscilloscope. The selected pulse width was 0.4 milliseconds (ms) and 
the ping rate varied from 5-6 pings/second (additional acoustic parameters
used during data collection and processing are presented in Appendix Table 
1). The system was calibrated at Biosonics, Inc. prior to and following the 
survey. The entire system was powered by batteries and the equipment was 
housed in a 22 foot vessel powered by a ISO hp outboard motor. Transect 
speed was estimated at 2.7 meters/second (m/s) and beginning and end points
of the transects were marked with flashing lights prior to darkness. The 
towed body was approximately 1 mbelow the surface during transecting. 

Data reduction and analysis was facilitated by the use of microcomputers and 
associated software. Dual beam data were processed through a Biosonics, Inc. 
Model 181 dual beam processor. A returning pulse was accepted as a valid 
target if the amplitude of the pulse was below the bottom threshold of 5000 
millivolt (mV; -36dB) and above the threshold level of 98 mV (-70dB). Single 
targets were separated from multiple targets if the pulse width was within 
20% of the transmitted pulse width at -6 decibels (dB). The beam pattern
threshold·was selected at -4 dB. Data stored by the dual beam processor were 
transferred to microcomputer data files for analysis using Biosonics, Inc. 
software program TS112 (revised). Computation of target strengths and 
backscattering cross sections were made and printed out by preselected 5 m 
depth intervals. Individual echos were used to calculate the mean target
strength. 

Estimates of fish density were made for each transect by echo integration
using a Biosonics, Inc. Model 120 echo integrator (representative echograms
for each lake are presented in Appendix Figures 1-4). Correction from the 40 
log(R) setting used during data collection to 20 log(R) for data processing 
was accomplished by adjusting the B constant value for each depth strata 
(Appendix Table 1). The TVG crossover for the system was 2.7 m. The depth 
strata selected for analysis were 5 m increments starting 2 mbelow the 
transducer (3m below the water surface). Data were processed to 52 m and 97 
mbelow the transducer in Kenai and Skilak Lakes, respectively (visual
examination of oscilloscope and chart recordings indicated no fish present
below these depths). Voltages from returning echoes were averaged in 
1-minute sequences along each transect and the integrator outputs were 
transferred to diskettes for further reduction and analysis through use of 
Biosonics, Inc. software entitled Crunch (version 2.43). Fish density was 
obtained by averaging the integrator output values across the transect by
depth strata and multiplying by the integrator scaling factor (derived from 
mean backscattering cross section obtained with the dual beam processor).
The mean backscattering cross section value was selected by depth strata from 
the transect of interest. In the case where the sample size for establishing 
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deviation of 4.74 dB (n a 21,519; Appendix Table 2}. Skilak Lake 
measurements were similar with a mean target strength of -53.78 dB with a 
standard deviation of 4.69 dB (n = 25,157; Appendix Table 3}. Of the echos 
measured, approximately 5,215 and 5,302 had beam pattern factors greater than 
0 dB for Kenai and Skilak Lakes, respectively (80% were within the range of 
0 to 1 dB}. Graphic representation of the data by depth for both lakes is 
presented in Figures 6 and 7. An apparent pattern of decreasing target
strength with depth was evident in the data set. Within Kenai Lake, surface 
measurements (2-7 m} averaged -52.34 dB, decreasing consistently to -58.24 dB 
for the 42 m- 72 mdepth strata (Appendix Table 2}. Similarly, surface 
measurements decreased from -50.63 dB near the surface to -55.42 dB at 37 -
42 mdepth in Skilak Lake (Appendix Table 3}. Test of the hypothesis of no 
difference in target strength with depth for each transect resulted in the 
rejection of the hypothesis for all Skilak Lake transects and 18 of the 22 
Kenai Lake transects (alpha 0.05; Appendix Table 4}. 

As previously noted, the estimation of the total number of fish in the lake 
systems was derived from the summation of three components: a} the actual 
measurement of fish targets during the hours of darkness by hydroacoustic
techniques (Table 2}; b} the estimate of those fish in the surface waters 
above the transducer (Table 3}; and c} the estimate of fish below the bottom 
window of the data processing equipment (Table 4}. The total estimate of 
fish in Skilak and Kenai Lakes was 21,452,000 and 4,493,800 fish, 
respectively (Table 5}. 

Relative to the spatial distribution of fish within the lake systems, a 
pattern was observed with most of the fish located near the western end of 
the lakes. Approximately 68% or 14,675,000 fish were located in Area 1 of 
Skilak Lake, which comprised 43.5% of the surface area of the lake and 26.1% 
of the volume sampled (Table 6}. Within Kenai Lake, 62% of the fish were 
located within Areas 1 and 2 which were estimated to be 35.4% of the surface 
area of the lake and 31.9% of the volume sampled. Lowest densities of fish 
were observed at the eastern end of each lake. Only 3% of the fish were 
located in Area 5 of Kenai Lake, which was 19.7% and 19.4% of the surface 
area and volume sampled, respectively. The same distribution was observed 
in Skilak Lake with only 9% of the fish found in Area 3 which was 22.7% and 
30.1% of the surface area and volume (Table 6}. Individual transect 
estimates of volume and fish numbers by depth strata for each lake are 
presented in Appendix Tables 5 through 32. 

Further analysis of the horizontal distribution of fish was accomplished by
the vertical summation of fish densities for five individual one minute 
sequences and computation of a mean fish density per 1000 square meters 
(Appendix Tables 33 and 34; Figures 8 through 10}. Within Skilak Lake, the 
maximum fish density (1,360 fish/1000 square meters} was recorded on Transect 
1 near the north shore of the lake. However, consistently higher relative 
fish densities were observed on the south shore of the lake for Transects 1-4 
(Figure 8}. Relatively equal densities across the lake were observed for 
Transects 5 and 6 and, consistent with the volume estimates, the surface 
estimates were indicative of lower fish numbers at the upper end of the lake 
(Figure 8}. Considerably lower fish densities were measured in Kenai Lake 
with a range of measurements from 0/1000 square meters (Transect 18} to a 
high of 476/1000 square meters along Transect 10 (Appendix Table 34; Figure
9}. No obvious distributional patterns across the lake were evident in the 
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non-representative sampling is certainly possible. For example, the zig-zag 
pattern of sampling essentially represents large areas of the nearshore 
region on the basis of transects which converge together. In addition, the 
bias associated with surface and bottom orientation of fish is not well 
defined. Within the present investigation, the surface and bottom 
corrections comprised approximately 20% of the total estimate (both lakes)
and 22% of the Skilak Lake estimate. Refinement in data processing by closer 
bottom tracking and the use of an upward looking transducer to further 
evaluate surface orientation may be warranted. However, the midwater 
orientation of most of the fish during surveying makes the error associated 
with these phenomena less significant than a strong surface orientation 
(which was observed during the Kenai Lake day survey). 

The use of a zig zag sampling design, while allowing greater tracking
distance, limits the use of the calculated variance to an illustrative value 
only. The calculated variance estimated from between transect variation 
assumes that the transects were randomly selected or that the population is 
randomly distributed (Jolly and Hampton, in press). These assumptions are 
not met and, therefore, the variance calculation should be viewed 
accordingly. Jolly and Hampton (jn press) suggest that systematic samples 
may have a slight gain in precision compared to random samples but the 
variance will be correspondingly overestimated if it is estimated by formula 
appropriate to a random sample. 

The parameters used to calculate the integrator scaling factor are an 
additional source of potential error. In an attempt to minimize this, the 
hydroacoustic equipment was calibrated before and after the survey and no 
major system errors were documented. Potentially, the most significant 
source of error is associated with the estimate of the fish mean 
backscattering cross section. The results of this investigation appear to be 
reasonable relative to the size frequency distribution of the fish sampled
when compared with published target strength data for juvenile sockeye
salmon. For example, Burczynski and Johnson (1986) reported a target
strength of -52.3 dB for 45-mm sockeye salmon. McClain (1985}, using a dual 
beam system in Tustumena Lake, Alaska, reported a target strength of -53.0 dB 
for 45-mm age-0.0 sockeye salmon. Using the empirical formula of Love 
(1977}, the target strength of the fish captured in Skilak and Kenai Lakes, 
at 45 degrees orientation, would be -51.89 and -52.62 dB, respectively. 

The apparent decrease in target strength with depth in both lake systems is 
not explainable at this time. The hydroacoustic equipment, specifically the 
TVG correction, appeared to be accurate and stable during data collection. 
Therefore, the decrease in target strength with depth may represent a 
biological phenomena, or the potential loss of signal associated with the 
glacial nature of the environment (i.e., absorption loss). While no data 
presently exist to verify the potential for absorption loss, varying target
strength values resulting from biological factors such as species
differences, orientation or tilt angle, and age composition changes with 
depth, have been documented on numerous occasions in other systems. In 
either event, the analysis of data in discrete 5 mdepth intervals minimized 
the impact of change in target strength with range. 

Inherent in the preceding presentation of results is the assumption that most 
of the fish targets measured were sockeye salmon. This assumption was based 
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Lake compare favorably with these values. However, the Kenai Lake estimate 
is only 45% of the predicted value. If consistently lower numbers are 
documented in future investigations, the results may imply that Kenai Lake is 
spawning limited, although the authors are not suggesting this here. 

The sizes of juvenile sockeye salmon measured in both Kenai and Skilak Lakes 
are consistent with previous tow net results (Tarbox et al. 1984). While the 
relatively small size of juvenile sockeye salmon can be indicative of a 
density dependent rearing limitation, this relationship for glacial systems 
is questionable. Koenings et al. (1986) suggested that density independent 
factors may be as important in limiting fish production. Within glacial 
lakes, the temperature regime of the lake appears to be critical to fry 
growth and survival (Koenings et al. 1986). Therefore, the population
estimates for both Kenai and Skilak Lakes, combined with the size frequency
data, should not be construed to mean a system at rearing capacity. 

The observation of near surface distribution of juvenile sockeye salmon in a 
glacial lake system was initially reported by Thorne and Thomas (1982).
Within Tustumena Lake, they observed that diel variability in juvenile
sockeye salmon density was most obvious 'in September (i.e., higher fish 
densities were measured in the upper 10m during the day). They hypothesized
that this unusual diel pattern was an effect of reduced hours of daylight in 
the fall on the feeding behavior of sockeye salmon. The present
investigation tends to verify the surface orientation of juvenile sockeye
salmon during the hours of daylight. No data exist to verify the hypothesis
of a feeding response to light levels. However, the euphotic zone within 
Kenai La~e has been estimated at approximately 7 m, which would suggest that 
the availability of light is severely limited. 

In summary, the utilization of the dual beam hydroacoustic system, within the 
glacial lake systems of the Kenai River drainage, has increased the data base 
significantly on the abundance and spatial distribution of rearing sockeye
salmon. The ultimate use of these data as a forecast tool is yet to be 
decided. However, of equal importance is the increased knowledge future 
fishery biologists will gain on the salmon rearing abilities of these lake 
systems. 

In an effort to improve the sampling program, the following recommendations 
are suggested for future investigations: 

(I) the sampling design should be modified to use a random design. Because 
of the apparent differences in density between geographic locations 
within the lake, a stratified random sample of parallel transects is 
recommended. This design meets the statistical requirements necessary
for variance calculations (Jolly and Hampton, in press); 

(2) further investigation into the reason for the target strength
distribution is needed. If absorption loss occurred because of glacial
silt or some other unknown factor, it could impact future 
investigations in a number of lake systems in Alaska; 

(3) tow netting results were not satisfactory and, therefore, alternate 
sampling techniques should be explored; 
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Table 1. Soecies e01oosition and lll!an length at age of fish caotured by tow net in Kenai and Skilak Lakes, 
Alaska, 1986. 

EFFORT 

N111ber of Silllple Size Mean Length !FU 
Dates Stati<Wl5 Minutes of 

Location of Supling Supled Towing Species Age 0 Age I Age 0 Agel 

Kenai Lake 10/IJ/86 4 210 Sockeye I 227 8 52 
96.6 3.4 

Skilak Lake 10/7,15/86 13 810 Sodteye t IS 2 
88.2 11.8 

Coho I 

1 
FL fork length 
Ll!l'lgth -sured in •illioeti!I'S. 
One threespii'IR stidtleback also taken in Skilak Lake. 
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Table 2, continued. The estimated number of fish in Kenai and 
Skilak Lakes, Alaska as determined from 
acoustic surveys in the fall of 1986. 

Lake Area Transect 

Estimated 
Number of 

Fish Variance 
-----------------------------------------------------------------

kenai 5 15 1. 9046E +05 
16a 2.1138E+05 

16 7.9762E+04 
17 3.1140E+04 
18 8.1657E+Q4 
19 1. 3087E +05 

mean 1.2088E+05 4.882BE+09 

TOTAL ALL AREAS 4.2035E+06 2.2271E+12 

-18-



Table 3, continued. Estimated number of fish nat available to the 
hydraacaustic equipment because of surface orientation 
in Skila~ and Kenai Lakes, Alaska during the fall 
of 1986. 

Estimated Estimated Estimated 
Fish Density Volume Number of 

Lake Area Transect (number/m-'··31 (m-'··31 Fish Variance 
---------------------------------------------------------------------------
Kenai 5 15 O.OOOOE+OO 3.2790E+07 O.OOOOE+OO 

16a 2.1000E-03 3.2790E+07 6.8859E+04 
16 !.?OOOE-03 3.2790E+07 5.5743E+04 
17 3.0QOOE-O~ 2. 7325E+07 8.1975E+02 
18 5.2000E-04 3.2790E+07 1.7051E+04 
19 4.6000E-04 3.2790E+07 1.5083E+04 

mean 2.6259E+04 8.4609E+08 

TOTAL ALL AREAS 2.9024E+05 4.3125E+IO 
----------------------------------------------------------------------------

Fish density was estimated from visual extrapolation of measured fish 
densities 2 m below the transducer to the surface. In the event densities 
were estimated at 0.0 prior to the surface, the depth of the strata was 
adjusted to reflect only that portion which contained fish. 
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Table 4, continued, Estimated number of fish not available to the 
hydroacoustic equipment because of bottom orientation 
in Skilak Lake, Alaska during the fall of 1986. 

--------------------------------------------------------------------------
Estimated 

Bottom Fish Density 
Area Transect Depthiml (number/m-'··3) 

Estimated Estimated 
Volume Number of 

Fish Variance 
--------------------------------------------------------------------------

2 3 

2 4 

2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 

TOTAL 

2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 

TOTAL 

7. 1560E -04 
5.3200E-03 
8.5310E-03 
8.9660E-03 
5.1970E-03 
2.5990E-03 
7.93BOE-04 
4.3360E-05 
2.8910E-05 
4.6970E-05 
2.9970E-05 
6.4680E-05 
2.05!0E-05 
2.6680E-05 
1.8570E-05 
7.2890E-06 
1.8970E-06 
2.0160E-06 
1.7440E-05 

8.2290E-05 
4.06!0E-03 
8.0270E-03 
6.9480E-03 
5.!520E-03 
!. 7150E-03 
6.0870E-04 
!. 3320E-04 
!. 9740E-05 
!. 0370E-04 
2.5280E-04 
!. 60!0E-04 
!. 1690E-04 
!.0230E-04 
8.2000E-05 
I. 94!0E-05 
7.7360E-06 
O.OOOOE+OO 
O.OOOOE+OO 

MEAN OF TRANSECTS 3 AND 4 

O.OOOOE+OO 
I. 1950E +06 
O.OOOOE+OO 
O.OOOOE+OO 
1.1950E+06 
O.OOOOE+OO 
2.3900E+06 
I. 1950E+06 
O.OOOOE+OO 
!. 1950E+06 
O.OOOOE+OO 
2.3900E+06 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
!. 1950E+06 
1.!950E+06 

O.OOOOE+OO 
1.5933E+06 
1.5933E+06 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
3.!867E+06 
O.OOOOE+OO 
!. 5933E+06 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
1.5933E+06 
I. 5933E+06 

O.OOOOE+OO 
6.3574E+03 
O.OOOOE+OO 
O.OOOOE+OO 
6.2104E+03 
O.OOOOE+OO 
I. 8972E +03 
5, 1815E+01 
O.OOOOE+OO 
5.6!29E+Ol 
O.OOOOE+OO 
1.5459E+02 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
2.4091E+OO 
2.0841E+Ol 

1.4751E+04 

O.OOOOE+OO 
6.4705E+03 
1.2790E+04 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
5.!019E+02 
O.OOOOE+OO 
1.6300E+02 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 

1.9933E+04 
1.7342E+04 1.3430E+07 

--------------------------------------------------------------------------
Continued 

-22-



Table 4, continued. Estimated number of fish not available to the 
hydroacoustic equipment because of bottom orientation 
in Skilak Lake, Alaska during the fall of 1986. 

No estimate was made for Kenai Lake as the shoreline was extremely 
steep and not a significant component of the sample volume. 
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Table 5, continued. The estimated number of fish in Skilak and 

Lake 

Kenai 

Kenai Lakes, Alaska based on actual hydroacoustic 
measurements and corrections for bias associated with 
surface and bottom areas in the fall of 1986. 

Area 

5 

All 

TOTAL COMBINED 

Estimated 
Estimation Number of 
Parameter Fish 

Surface 2.6259E+04 
Midwater 1.20BBE+05 
Bottom O.OOOOE+OO 
Total 1. 4714E+05 

Surface 2.9025E+05 
Midwater 4.2035E+Ob 

Bottom O.OOOOE+OO 
Total 4.4938E+Ob 

ESTIMATE 2.5945E+07 

Variance 

8.4609E+OB 
4.BB2BE+09 
O.OOOOE+OO 
5.72B9E+09 

4.3125E+10 
2.2271E+l2 
O.OOOOE+OO 
2.2702E+l2 

2.1194E+l3 
--------------------------------------------------------------------------
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Figure 1. The Upper Cook Inlet area showing the location of the 
Northern and Central Districts and the major sockeye 
salmon spawning drainages 
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Figure 3. Skilak lake, Alaska area designations, hydroacoustic transect locations, and tow netting stations, 1986. 
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Figure 5. Length frequency of sockeye salmon collected in Kenai Lake, Alaska during October 1986. 
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Figure 11. Vertical distribution of fish density measured during the hours of darkness in Skilak Lake, 
Alaska (Area 1: Transects 1 and 2) in October 1986. 
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Figure 13. Vertical distribution of fish density measured during the hours of darkness in Skilak Lake, 
Alaska (Area 3: Transects 5 and 6) in October 1986. 
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Figure 1 5. Vertical distribution of fish density measured during the hours of darkness in Kenai Lake. 
Alaska (Area 2: Transects 9, lOA, 10, llA} in September 1986. 
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Figure 17. Vertical distribution of fish density measured during the hours of darkness in Kenai Lake, 
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Figure 19. Vertical distribution of fish density measured during the hours of daylight in Kenai Lake, 
Alaska (Areas 1 and 2: Transects 6, 8, 9, 10) in September 1986. 
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Figure 21. Vertical distribution of fish density measured during the hours of daylight in Kenai Lake, 
Alaska (Area 5: Transects 15, 16, 18, 19) in September 1986. 
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Appendix Table 2. Average backscattering cross section (sigma) 
and target strength data by depth strata for 
all transects combined, Kenai Lake, Alaska, 1986. 

I 
Target 

Depth Number Sigma Sigma Target Strength 
Stratum of Mean Standard Strength Standard 

(Ill) Targets De vi ati on Mean Deviation 
!dBl !dBl 

-------------------------------------------------------------------
2.0 - 7.0 177 1.050E-05 !. 061E-05 -52.34 5.19 
7.0 - 12.0 1258 1.115E-05 4.339E-05 -53.38 5.42 

12.0 - 17.0 3306 6.476E-06 8.420E-06 -54.56 5.08 
17.0 - 22.0 4648 5.261E-06 5.994E-06 -55.22 4.85 
22.0 - 27.0 4383 4.486E-06 4.258E-06 -55.61 4.59 
27.0 - 32.0 3799 4.100E-Ob 3.595E-06 -55.77 4.40 
32.0 37.0 2695 3.724E-06 3.805E-06 -56. II 4.23 
37.0 42.0 II 0 I 3.4bOE-06 2.998E-Ob -56.28 4.04 
42.0 47.0 195 2.970E-06 2.089E-Ob -56.57 3.66 
47.0 72.0 57 1.969E-06 1.593E-Ob -58.24 3.20 

Total 21519 5.1bbE-06 1. 188E-05 -55.35 4.74 
-------------------------------------------------------------------I Target strength determined from dual beam data collected 

in situ. 
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Appendix Table 4. Su.ary of a"flysis of variance of target strength data by depth strata for Kenai and Skilak Lakes, 
Alaska, 1986. 

Sa.ple Nuber Degrees of Freed01 Degrees of Freed01 
Transect Size Strata Cal~:~~lated Table Null 

Lake Nwlber fNl (k) Sroups Error F Value F Value Sroups Error Hypothesis 

Kenai 19 135 6 5 129 4.42 2.29 5 125 reJect 
18 28 3 2 25 4.51 3.38 2 25 reJect 
17 48 4 3 44 2.57 2.82 a 44 accept 
16 -\6 6 5 40 1. 71 2.45 5 40 accept 

16A 332 6 5 326 5.21 2.23 5 400 M!Ject 
15 88 6 5 82 1.15 2.30 5 100 accept 
I ::'A 303 7 6 296 5.23 2.13 6 300 reJect 
14 662 7 6 655 6.58 2.10 6 1000 M!Ject 
14A 2307 8 7 229!! 14.38 2.01 7 infinity reJect 
13 1525 7 6 1518 8.89 2.09 6 infinity reJect 
13A 913 7 6 906 3.71 2.10 6 1000 reJect 
12 381 9 8 372 6.81 !. 96 8 400 reJect 
12A 1360 7 6 1353 6.83 2.09 6 infinity reJect 
II 536 7 6 529 o.n 2.10 6 1000 accept 

IIA 1736 7 6 1729 9.12 2.09 6 infinity reJect 
10 3229 7 6 3222 5.98 2.09 6 infinity reJect 
lOA 3065 7 6 3058 6.47 2.09 6 infinity reJect 
9 1172 6 5 1166 12.18 2.09 6 infinity reJect 

9A 1460 7 6 1453 20.83 2.09 6 infinity reJect 
8 545 4 3 541 19.30 2.61 3 infinity reJect 
7 1403 5 4 1398 32.81 2.37 4 infinity reJect 
6 222 5 4 217 5.49 2.41 4 200 reJect 

Skilak 1 6240 10 9 6230 28.67 1.88 9 infinity reJect 

2 4156 10 9 41-\6 41.22 1.88 9 infinity reJect 
3 5690 10 9 5680 30.10 1.88 9 infinity reJect 
4 4547 10 9 4537 13.18 1.88 9 infinity reJect 

5 2344 10 9 2334 5,84 1.88 9 infinity reJect 
6 2132 10 9 2122 6.55 1.88 9 infinity reJect 

1 
Sa.ple size represe!lts the n1111ber of echoes processed. Alpha is at 0.05 level. 
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Appendix Table 6. Hydroacoustic estimate of fish inhabiting Area 11 Skilak lake, Alaska based on Transect 2 integrator output. 
1 

Stratllll 
(M) 

2.0- 7.0 
7.0 12.0 

12.0 17.0 
17.0- 22.0 
22.0 27.0 
27.0 32.0 
32.0 37.0 
37.0 42.0 
42.0 47.0 
47.0 52.0 
52.0 57.0 
57.0- 62.0 
62.0 67.0 
67.0 72.0 
72.0 77.0 
77.0 82.0 
82.0- 87.0 
87.0- 92.0 
92.0 97.0 

Voluae 
(11"3) 

I. 9460Et08 
1.4840E+08 
I.OSOOE+08 
9.1270£+07 
8.2320E+07 
7.3770£+07 
7.1200£+07 
6. 9'330E+07 
6.9200E+07 
6.8530£+07 
6.77'30£+07 
6. 7080E+07 
6.6440£+07 
6.5560£+07 
6. 3880E+07 
6.2670£+07 
6.0980£+07 
5. 9220E+07 
5.8300E+07 

Sigaa 

1.4170£-05 
1.2660£-05 
9. 3640E-()6 
6.8430£-06 
7.1640£-06 
5.1060£-()6 
4.3580E-06 
4. 3680E-o6 
7. 2600£-()6 
5. 2320E-()6 
5. 2320£-()6 
5. 2320E-()6 
5.2320£-()6 
5.2320E-()6 
5.2320E-06 
5. 2320£-()6 
5.2320£-06 
5. 2320£-()6 
5. 23.."0£-06 

Echoes 
Used 

Standard 
Deviation 

Sig•a 

478 1.3610£-05 
1245 1.3780E-05 
713 1. OOJOE-05 
474 6.5000£-()6 
390 6. 3820E-()6 
271 4. 3270E-()6 

1311 3. 8630E-06 
274 4.1460£-()6 
195 I. 5180E-OS 
440 5. 4 750£-()6 
440 5.4750£-()6 
440 5. 4750£-06 
440 5. 4750£-06 
440 5.4750£-()6 
440 5. 4750£-06 
440 5.4750£-()6 
440 5. 4750E-06 
440 5.4750£-()6 
440 5. 4750£-06 

A 
Constant 

1.81 '30£+02 
2.0370E+02 
2. 7530E+02 
3. 7680E+02 
3. 59'30£+02 
5.04'30£+02 
5. 9160E+02 
5.9020£+02 
3.5510£+02 
4.9CBOE+02 
4.9280E+02 
4.9280£+02 
4.9280E+02 
4.9280E+02 
4.9280E+02 
4.9280E+02 
4.9280E+02 
4. 9280E+02 
4.9280E+02 

------------------------------------
TOTAL 1.5460£+09 

Integrator 
Output 

6.8620E-OS 
I. 2880E -o4 
4.8460E-OS 
1.2680E-05 
6. 8440£-()6 
2.59COE-()6 
8.5680E-o7 
1. 9030E-o7 
6.6220£-oa 
9.0250£-oa 
3.16'30£-()7 
2.3250£-()7 
1.9570£-()7 
3.2460£-()7 
1. 7000E-()6 
I. 5050£-()6 
1.6830E-oa 
5.3350£-()9 
8.2620£-10 

NUIIber 
of 

Sequences 

55 
50 
33 
26 
23 
21 
20 
20 
20 
19 
19 
19 
19 
18 
18 
18 
18 
17 
17 

----·---------------
lie an 

Integrator 
Variance 

5.0660£-10 
7.2130£-10 
1.9380E-IO 
8.1120E-12 
9. 3120£-13 
5.2210E-13 
8.2630£-14 
1.1270£-14 
3.3400£-15 
4.1440£-15 
4.5010E-14 
1.4030£-14 
6. 58'30£-15 
1.9370£-14 
2.1850£-12 
2.0100£-12 
1. 5660E-16 
I. 2850£-17 
6.8260£-19 

Fish 
Density 

(no./•A3) 

Estiuted 
Nu•ber of 

Fish Variance 

Confidence 
Li•its 
(95~) 

1.2490£-()2 2.~E+06 6.4630E+ll 1.5760E+06 
2.6220E-()2 3.8918E+06 6. 7320E+ll 1.6080E+06 
1.3340E-()2 1.4013£+06 1.6520E+ll 7.9670£+05 
4. 7780E-o3 it. 3608E+05 9. 9550E+09 I. 9560£+05 
2. 4630E-o3 <!. 0275E+05 9. 0080E+08 5. 8830E+04 
1.3090E-03 9.655<!E+Oit 7.4900£+08 5.3640£+04 
5.0690E-olt 3.6091E+Oit 1. 471t0E+08 2. 37'30£+04 
1.1230E-o4 7. 851t3E+03 1. 91t10E+07 8.6350E+03 
2. 3520E-o5 1.6<!75E+03 <!. 0770E+06 2. 8240E+03 
4.4470E-o5 3.0477E+03 it. 7490E+06 4.2710E+03 
1.5610E-olt 1.0585E+Oit 5.0510E+07 1.3930£+04 
1.1460E-olt 7. 6870E+03 1. 5480E+07 7. 7110E+03 
9.6430E-o5 6.4067E+03 7.161t0E+06 5.2460E+03 
I. 6000E-o4 1. 0486E+Oit <!. 0490E+07 8. 8730E+03 
8. 3780E-olt 5. 35<!<!E+Oit <!. l7<!0E+09 9. 1350E+04 
7.4160E-o4 4.6480E+Oit 1.9<!30E+09 8.5940£+04 
8. 2950E-o6 5. 0582E+O<! 1. 4<!10E+05 7. 3880E+02 
2.6290£-oG I. 5568E+O<! 1.1000E+Oit 2.0560£+02 
4. 07tOE-o7 <!. 3734E+01 5. 6470E+02 4. 6580E+OI 

8. 64<!4E+06 + OR 2.4010E+06 

-
-

-
-
-
-
-
-
-

-
-
-
-

-

-
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Appendix Table 8. Hydroacoustic esti~~ate of fish inhabiting Area 2, Skilak Lake, Alaska based on Transect 4 integrator output. 
1 

De;~h2 Stra~:. 

StratUII Voluoe 
(a) hr"31 

2.0- 7.0 
7.0- 12.0 

12.0 17.0 
17.0- 22.0 
22.0 27.0 
27.0 32.0 
32.0 37.0 
37.0 42.0 
42.0 47.0 
47.0 5<!.0 
5(!.0 57.0 
57.0 62.0 
62.0 67.0 
67.0 72.0 
12.0 n.o 
71.0 82.0 
82.0 87.0 
87.0 92.0 
92.0 97.0 

TOTAL 

1.6710E+08 
I, 66SOE+08 
1.6480E+08 
I. 6220E+08 
1.6070E+08 
1.5960£+08 
I. 5870E+08 
1.5760E+08 
1.5650£+08 
I. 5540£+08 
1.5440£+08 
I. 5170E+08 
1.4370E+08 
1.3760E+08 
1.2970E+08 
8.05COE+07 
4.66JOE+07 
4.4490£+07 
4.0680E+07 

2.5385E+09 

Mean 
Sigoa 

2.1850E-05 
9. 9nOE-o6 
7.04JOE-06 
6.4760E-o6 
5.3250E-06 
4. 8320E-o6 
3.1990£-06 
4. 3680E-06 
7.2600£-06 
5. 0600E-()6 
5.0600E-06 
5.0600E-o6 
5.0600E-06 
5.0600E-06 
5.0600E-06 
5.0600E-06 
5.0600E-06 
5. 0600E-()6 
5.0600E-06 

N1111ber 
Echoes 

Used 

Standard 
Deviation 

Si!JIIa 
A 

Constant 

705 1. 3100E-04 1.1800E+02 
163 1.1770E-05 2.5840E+02 
596 6. 76JOE-06 3. 6610E+02 
945 6. 09JOE-06 3. 9810E+02 
985 4. 58SOE-06 4. 8420E+02 
672 4. OJOOE-06 5. 3360E+02 
257 2. 3040E-06 8. 0590£+02 
274 4.1460E-06 5.9020£+02 
195 I. 5180E-05 3. 5510E+02 
818 4.4110E-06 5.0950£+02 
818 4. 4110E-06 5. 0050E+02 
818 4. 4110E-06 5. 0950£+02 
818 4.4110E-06 5.0050E+02 
818 4.4110E-o6 5.0950£+02 
818 4. 4110E-06 5. 0050£+02 
818 4.4110E-o6 5.0950£+02 
818 4. 4110E-06 5. OOSOE+02 
818 4.4110E-o6 5.0950£+02 
818 4.4110E-o6 5.0050E+02 

--------- ----------

Integrator 
Output 

6.9740E-07 
1.5710E-o5 
2.19JOE-o5 
1. 7450E-o5 
1.0640E-o5 
3.2150E-06 
7.5520E-o7 
2.2560E-o7 
5.5600E-oa 
2.0J50E-o7 
4.96IOE-o7 
3.!4JOE-o7 
2.2940E-o7 
2.0070E-o7 
1.6090E-o7 
3.8080E-o8 
I. 5180E-o8 
O.OOOOE+OO 
O.OOOOE+OO 

~ Lake surface area (meters squared I used to calculate stratua vol~~~~e was 3. 3460£+07 
Depth llll!asured below transducer, ohich was 1 • fro. surface. 

of 
Sequences 

42 
42 
41 
41 
41 
41 
41 
41 
41 
40 
39 
39 
39 
38 
36 
35 
15 
15 
14 

Mean 
Integrator 
Variance 

Fish 
Density 

(no./aA31 

Estiaated 
NUJober of 

Fish 

Confidence 
Li•its 

Variance (95~1 

------------------------------------
1.0340£-13 8.2290£-()5 1.3751E~ 4.9840E+07 1.3840E+04 
9.4200£-12 4.0610E-Q3 6. 7609£+05 2.1340E+IO 2.86JOE+05 
1.2220£-11 8.0270E-Q3 1.3228E+06 4.7180E+IO 4.2570E+05 
6. 7SOOE-12 6. 9480E-Q3 1. 1270E+06 2. 9340E+10 3. 3570E+05 
2. 9650£-12 5.15COE-Q3 8. 2806E+05 1. 8470E+10 2. 6640£+05 
3. 7680E-13 1. 7150E-Q3 2. 7382E+05 2.8120E+09 1.0390£+05 
2. 3460£-14 6. 0870E-o4 9, 6581E+04 4. 0260E+08 3. 9320E+04 
1.1SOOE-14 1. JJ20E-Q4 2. 09B5E~ 1. 0100E+08 I. 9700E+04 
2.1410E-15 1. 9740E-o5 3. 0893E+03 6. 8240E+06 5. 1200E+03 
I. 7690£-14 1.0370E-o4 1.6117E~ 1.1120E+08 2.0670E+04 
1.1070E-13 2. SCBOE-04 3. 9024E+04 6. 8640E+08 5. 1350E+04 
5. 5870E-15 1.6010E-o4 2. -'2911E+04 3. 3950E+07 1.1420E+04 
I.0360E-14 1.1690E-Q4 1. 6794E+04 5. 5800E+07 1. 4640E+04 
6.1610E-15 1.0230E-o4 1. 4074E+04 3.0480E+07 1. 0820E+04 
3.1880E-15 8. 2000E-o5 1. 0638E+04 I. 4030E+07 7. 3420E+03 
9.1260E-16 1. 9410E-o5 1. 5625E+03 1. 5380E+06 2. 4310E+03 
I. 2960£-16 7. 7360E-o6 3. 6072E+02 7. 3280E+04 5. 3060E+02 
0, OOOOE+OO 0. OOOOE+OO 0. OOOOE+OO 0. OOOOE+OO 0. OOOOE+OO 
0, OOOOE+OO 0. OOOOE+OO O. OOOOE+OO 0. OOOOE+OO 0. OOOOE+OO 

4. 4850E+06 + OR 6.8070E+05 
·-- -----------------------------

-- ___ 

-

-

-

-

-

-

-

-

-

-

-

-

-
-
-
-

-



Appendix Table 10. Hydroacoustic estiMate of fish inhabiting Area 3, Skilak Lake, Alaska based on Transect 6 integrator output. 
1 

------------------------ ---------
Depth

2 
Stratua Mean Nuaber Star1dard Nuaber Mean Fish Esti•ated Confidence 

Stratua Voluae SigMa Echoes Deviation A Integrator of Integrator Density Nu•ber of Li•its 
(I) (11"3) Used Sigma Constant Output Sequences Variance (no.f•AJ) Fish Variance (95") 

--------------- ---------- ---------
2.0- 7.0 1.1230E+08 2.1850E-05 705 1.3100E-04 1.1800E+02 O.OOOOE+OO 28 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
7.0 12.0 1.1230E+08 1.1550E-05 2795 1.2280E-05 2.2320E+02 6. 5080E-o6 28 2.7580E-12 1.~530E-03 1.6320E+05 I. 7450E+09 8.1880E+O~ 

12.0 17.0 1.1220E+08 7.0470E-06 190 6. 6370E-o6 3.6590E+02 9. 0490E-o6 28 3. 0810E-12 3. 3UOE-o3 3.7147E+05 5.8360E+09 1.4970E+05 
17.0- 22.0 1.1150E+08 5. 6810E-()6 332 5.2860E-()6 ~.5380E+02 6.5300E-o6 28 1.27/tOE-12 2.~0E-o3 3.3038E+05 3. 51t50E+09 1.1670E+05 
22.0- 27.0 1.1090E+08 6.2210E-06 320 1.0970E-05 ~-1~+02 5. 7590E-o6 28 1.6500E-12 2.3870E-o3 2.6460E+05 4.1640E+09 1.2650E+05 
27.0- 32.0 1.1050E+08 4.6~30E-o6 204 4. 4400E-o6 5.5530E+02 2. 6260E-o6 28 1.5620E-13 1.4580E-Q3 1.6111E+05 7. Olt20E+08 5.2010E+04 
32.0 37.0 1.0970E+08 4.3580E-06 1311 3. 8630E-o6 5. 9160E+02 7. 0170E-()7 28 2.8780E-14 4.15IOE-olt 4.5559E+04 1.2260E+08 2.1700E+04 
37.0 42.0 1.0770E+08 4.3680E-06 274 4.1460E-()6 5.9020E+02 2.6650E-()7 28 2.26/tOE-1~ 1.5730E-olt 1.6937E+Oit 9. 21t40E+07 1.8840E+04 
42.0 ~7.0 1.0660E+08 7.2600E-06 195 1.5180E-05 3.5510E+02 3.1800E-()7 27 3.0430E-14 1.1290E-Oit 1.2036E+04 4.6830E+07 1.3410E+04 
47.0- 52.0 1. 0200E+08 6. 9180E-()6 892 8. 5390[-()6 3. 7270E+02 1. 6630E-()7 27 5.2850E-15 6.2000E-o5 6.3226E+03 7. 7030E+06 5. 41tOOE+03 
52.0 57.0 9.MOOE+07 6.9180E-()6 892 8. 5390E-o6 3. 7270E+02 5. SOSOE-()7 26 3.7900E-1~ 2.1650E-olt 2.1299E+04 5.1750E+07 1.4100E+Oit 

I 57.0- 62.0 9. 7070E+07 6. 9180E-06 892 8. 5390E-()6 3.7270E+02 9.5250E-()7 25 7.8750E-14 3.5500E-olt 3. 41t57E+Oit 1.0510E+08 2.0090E+O~ 
<J1 62.0 67.0 9.5140E+07 6. 9180E-()6 892 8.5390E-06 3. 7270E+02 1.~90E-()6 25 1.8730E-13 5. n20E-o~t 5.4917E+04 2.4060E+08 3. OltOOE+04 co 
I 67.0 72.0 9.3980E+07 6. 9180E-()6 892 8. 5390[-()6 3. 7270E+02 7 .1580E-()7 25 4.7100E-14 2.6680E-04 2. 5069E+Oit 5.8850[+07 1. 5040E+Oit 

12.0 n.o 8.8970E+07 6.9180E-06 892 8.5390E-06 3. 7270E+02 8.8350E-07 25 2.0550E-13 3.2920E-olt 2.~E+Oit 2.2740E+08 2.9550E+04 
n.o - 82.o 8.5~0E+07 6. 9180E-o6 892 8. 5390[-()6 3. 7270E+02 3.3600E-()7 25 1.8290E-14 1.2520E-olt I. 0700E+Oit 1.8750E+07 8.4860E+03 
82.0 87.0 8.2240E+07 6.9180E-06 892 8. 5390[-()6 3. 7270E+02 3. 3090E-()7 25 4.6060E-14 1.2330E-olt I. 0142E+Oit 4.3450E+07 1.2920E+04 
87.0 92.0 7.6200E+07 6.9180E-o6 892 8. 5390E-o6 3.7270E+02 5.2180E-()7 2~ 3. 9040E-1~ 1.9450E-olt 1. 4819E+Oit 3.1860E+07 1.1060E+Oit 
92.0- 97.0 6. 7100E+07 6. 9180E-06 892 8. 5390E-()6 3. 7270E+02 7120E-()7 22 4.4370E-14 1. 7560E-olt I. 1782E+Oit 2.7980E+07 1.0370E+04 
-------------------------------- ------ ----------------------------

TOTAL 1.8802E+09 I. 581tiE+06 +OR- 2.5610E+05 

---------------- ----- -----------------
~ Lake surface area (meters squared) used to calculate stratua voluE ~~as 2.2500E+07 

Depth ~~easured below transducer, which ~~as 1 • fr01 surface. 

-
-

-
-
-

-

-
-
-

-
-

~-



Appendik Table 12. Hydroacoustic estiaate of fish imabiting Area I, Kenai Lake, Alaska based on Transect 7 !night survey) integrator output. 
1 

---------
Depth

2 
Stratu. Mean Nu.ber Standard Nu.ber Mean Fish EstiMated Confidence 

Stratu. Volu.e Sigu Echoes Deviation A Integrator of Integrator Density Nu.ber of Li•its 
(a) (11"31 Used Sig11a Constant Output Sequences Variance !no.faAJI Fish Variance (95')() 

----------- ----- -------
2.0- 7.0 3.8580E+07 I. 0500E-o:i 177 I. 0610E-o:i 2.4550£+02 1.3510E-05 19 3.8880E-II 3.3160£-QJ 1.2794E+05 3.5830E+09 1. 1730E+05 
7.0- 12.0 3.8590E+07 1.1150E-05 IC58 4.3390E-05 2.3120E+02 1.5810E-05 19 5.3530E-II 3.6560E-o3 1.·U09E+05 '1.5030E+09 1. 3150E+05 

12.0 17.0 3.8590E+07 7.9780E-o6 262 I. 9390E-05 3.2320E+02 8.8440E-06 19 2.1390E-II 2.8580E-o3 1.1031E+05 3.6020E+09 1.1760E+05 
17.0- 22.0 3.8290E+07 4.3720E-o6 395 4.5970E-o6 5.8970E+02 5.3390E-o6 19 1.1470E-12 3.1~-QJ 1.2055E+05 6.2570E+08 4. 9030E+04 
22.0 27.0 3.6950E+07 3.5280E-06 256 3. 6210E-o6 7.3080E+02 1. 8460E -()6 19 3.4000E-13 1.3490E-03 4. 9843E-+04 2. 5810E+08 3. H90E-+04 
27.0- 32.0 3.3580E+07 4.0000E-o6 282 3. 5180E-o6 6.4460E+02 1.4730E-o6 19 I. 7680E-13 9.4920E-o4 3. 187'1E-+04 8.5620E+07 1. BI'IOE+04 
32.0- 37.0 2.5570E+07 3. 7240E-o6 2695 3.8050E-06 6.9230E+02 1.6810E-D7 16 1.9340E-14 1.1640E-o4 2.9762E+03 6.0650E+06 4.8270E+03 
37.0 42.0 9.4170E+06 3. 4600E-()6 lOll 2. 9980E-06 7.4510E+02 I. o:i90E-o8 12 1.1220E-16 7.8940E-06 7.4335E+01 5.5300E+03 1.4580E+02 
42.0 47.0 O.OOOOE+OO 2.9700E-06 195 2. 0890E-o6 8.6810E+02 O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
47.0 52.0 O.OOOOE+OO I. 9690E-o6 57 1. 5930E-o6 1.3090E+03 O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 

I TOTAL 2.5957E+08 5.8466E+05 + OR 2.2060E+05 
01 
C> 
I 1 Lake surface area (meters squared) used to calculate stratu. vo!lllll! lliS 7. 7200E+06 

2 Depth measured be!OM transducer, llhich lliS I a froa surface. 

-

-

-
-
-

-




Appendix Table 14. Hydroacoustic estiute of fish imabiting Area 11 Kenai lake, Alaska based on Transect 9A (night survey) . t I 1n egrator output. 
---------

Depth
2 

Stratua Mean Nuaber Standard Nuaber Mean Fish Esti.ated Confidence 
Stratua Voluae Sigoa Echoes Deviation A Integrator of Integrator Density Nullber of LiMits 

(•) (11"31 Used Sig•a Constant Output Sequences Variance (no./or"3) Fish Variance (95"1 
--------------

2.0- 7.0 3.8510E+07 I.OSOOE-05 1n 1.0610E-05 2.455010+02 1.0210E-05 23 3.4320E-II 2. 5070E-()3 9. 6528E+Oit 3.1220E+09 I. 0950E-+OS 
7.0- 12.0 3.8230E+07 1.!150E-05 1258 4.3390E-05 2.3120E+02 I. 58JOE-05 23 3.1390E-II 3. 6590E-()3 1.3989E+05 2.6880E+09 I. 0160E-+OS 

12.0 !1.0 3. 7170E+07 7.15ZOE-06 345 6.67JOE-06 3.6050E+02 1.2760E-05 23 8.5030E-12 4. 5990E-()3 I. 7092E-+OS I. 6000E+09 7. 8410E+Oit 
17.0- 22.0 3.5J80E+07 4. 3100E-06 231 4.9430E-06 5. 9820E+02 2.3450E-06 22 4.0700E-13 I. 4020E-()3 4. 9615E+Oit 1.9630E+08 2. 7460E+04 
22.0 27.0 3.2080E+07 4.5690E-06 286 4.88JOE-06 5.6430E+02 2.7050E-06 21 5.2710E-13 I. 5260E-()3 4. 8959E+Oit 1.8230E+08 2.6460E+04 
27.0- 32.0 2. 9000E+07 3. 7!50E-()6 185 3.3550E-06 6. 9400E+02 1.0040E-06 19 8.3460E-14 6. 9670E-()4 2.0204E+Oit 3.5610E+07 1.1700E+Oit 
32.0 37.0 2.6260E+07 3.7240E-06 2695 3.8050E-06 6. 9230E+02 4.2670E-Q7 18 3.0280E-14 2. 954()E-()4 7. 7590E+OJ I.OOJOE+07 6. 2080E+OJ 
37.0- 42.0 2.J600E+07 3.4600E-06 lOll 2. 9980E-06 7.4510E+02 4.6640E-Q7 16 3.0800E-14 3. 4750E-()4 8.2016E+OJ 9.5740E+06 6.0640E+03 
42.0 47.0 I. 9690E+07 2.9700E-06 195 2.0890E-06 8.6810E+02 6.5250E-oa 16 4.1730E-15 5. 664()E-()5 1.1154E+03 1.2220E+06 2.1670E+03 
47.0 52.0 1.2820E+07 I. 9690E-06 57 I. 5930E-06 I.J090E+03 2.J830E-Q9 12 3.0030E-18 3.1200E-06 3.9996E+OI 8.6430E+02 5. 7620E+OI 
------- ----------------

' TOTAL 2.9274E+08 5. 4323E-+05 + DR I. 7360E+05 "' N ----------------------I ! lake surface area (lll!ters squared) used to calculate strata voluE was 7. 7200E+06 
Depth lll!asured below transducer, IOhich was I • fro. surface. 

-

-

-

-
-

-




Appendix Table 16. Hydroacoustic esti .. te of fish inhabiting Area 2, Kenai lake, Alaska based on TrallSI!Ct lOA lnight survey) integrator output. 
1 

---------
!ll!pth

2 
StratUII lll!an NUIIbl!r Standard NUIIbl!r lll!an Fish EstiMated Confidence 

Stratllll Volllllt! Sig .. Echoes Deviation A Integrator of Integrator Density N1111ber of liMits 
lol hr"3) Used Sig•a Constant Output Sequences Variance lno.tr31 Fish Varia~ 195") 

--------------
2.0- 1.0 5. 9530E+07 I. 0500E-()5 177 I. 0610E-o5 2 •• 550E+02 1.0320E-o5 22 1.8890E-11 2.5MOE-o3 1.5084E+05 •• 1660E+09 1. 2650E+05 
7.0 12.0 5. 95%0E+07 6. 9020E-06 165 7. 9920E-06 3. 7350E+02 1 •• 900E-()5 22 6.4940E-12 5.5680E-o3 3.3147E+05 4.1050E+09 1.2560E+05 

12.0 17.0 5.9390E+07 5.8930E-06 519 6.4230E-06 •• 3750E+02 2.0520E-()5 22 I. 7750E-11 8.9800E-o3 5.3331E+05 1.2640E+IO 2.2030E+05 
17.0 22.0 5. 9180E+07 5. 3370E-06 480 5.0280E-06 •• 8310E+02 1.2710E-()5 22 6.5080E-12 6.1420E-o3 3. 631t8E+05 5. 5630E+09 1 •• 620E+05 
22.0 27.0 5.8930E+07 •• 8860E-06 837 4.6760E-06 5.2nOE+02 1.2370E-()5 22 8.6650E-12 6.5300E-o3 3.8481E+05 8.5410E+09 1. 8110E+05 
27.0 32.0 5.8690E+07 4.2590E-06 514 3.8720E-06 6.0540E+02 3.3450E-06 21 4.2680E-13 2.0250E-o3 1.1882E+05 5.61.0E+08 4. 6440E+04 
32.0- 37.0 5.8420E+07 3. 7910E-06 421 3. 7090E-06 6. 8010E+02 I. 9350E-06 21 3.0290E-13 1.3160E-o3 7.6866E+04 4.9170E+08 4. 3460E+04 
37.0- 42.0 5. 8230E+07 3.4600E-06 1011 2. 9980E-06 7.4510E+02 I. 4800E-{)7 21 3.6600E-15 1.1030E-o4 6.4208E+03 6.9210E+06 5.1560E+03 
42.0 47.0 5.8130E+07 2.9700E-06 195 2.0890E-06 8.6810E+02 1.0960E-{)7 21 5.8630E-15 9.5130E-o5 5.5297E+03 1.5010E+07 7. 5930E+03 
47.0- 52.0 5. 7840E+07 I. 9690E-06 57 1.5930E-06 1.3090E+03 2. 0280E-{)8 21 •• IUOE-16 2.6550E-o5 1. 5357E+03 2.3850E+06 3. 0270E+03 

• TOTil. 5.8788E+08 1.9731E+06 + OR 3. 7230E+05 en 
""' • ~ lake surface area llll!ters squared) used to calculate stratUII volllllt! ~~as 1.1910E+07 

Depth lll!asured bi!ION transducer, llhich lliS I • froo surface. 

-
-
-
-
-

-

-




Appendix Table 18. Hydroacoustic esti~~ate of fish inhabiting Area 2, Kenai lake, Alaska based on Transect IIA (night survey) integr'ator output. 
1 

Depth
2 

StratUM Mean NUMber Standard NUMber Mean Fish Estiaatl!d Confidence 
StratUM VolUMe Sig~~a Echoes Deviation A Integrator of Integrator Density Nu.ber of Liaits 

(a I (11"31 Used Si!P'a Constant Output Sequences Variance (no./11"31 Fish Variance (95"1 
-----------

2.0 7.0 5.'3<!40E+07 I. 0500E-o5 m I.O&IOE-05 2.4550E+02 8.8380E-o7 26 2.9800E-13 2.1700E-o4 t.2856E+04 6.3990E+07 I. 5680E+0-4 
7.0- 12.0 5.9100E+07 I. 1150E -o5 1258 4. 3390E-o5 2.3120E+02 1.1890E-o5 26 8.8820E-12 2. 7490E-oJ 1.6245E+05 1. 9760E+09 8.7130E+0-4 

12.0 17.0 5.8930E+07 6.1810E-o6 304 6.1560E-o6 4.1710E+02 I. 1280E-o5 26 5.4780E-12 4.7070E-oJ 2.7738E+05 3.5610E+09 1.1700E+05 
17.0 22.0 5.8780E+07 4.4710E-o6 459 5.3620E-o6 5.7670E+02 7.1550E-o6 25 2.0&00E-12 4.1Z60E-oJ 2.4253E+05 2.5510E+09 9.8990E+0-4 
22.0 27.0 5.8570E+07 4.5810E-o6 270 3. 9830E-O& 5.6280E+02 3.0070E-o6 25 1.2380E-12 !.6'ROE-oJ 9.9127E+04 1.3730E+09 7.2610E+0-4 
27.0- 32.0 5.8370E+07 4.2650E-o6 210 3.3310E-o6 6.0450E+02 1.4470E-o6 25 2. 02IOE-13 8. 7480E-o4 5.1068E+04 2.5920E+08 3.1560E+0-4 
32.0 37.0 5.8180E+07 4.1290E-O& 282 3.'R90E-o6 6.2440E+02 1.5900E-o6 25 J.9nOE-tJ 9.9270E-o4 5. 7761E+04 5.3570E+08 4.5360E+0-4 
37.0- 42.0 5.7990E+07 3.4600E-o6 IOU 2. 9980E-o6 7.4510E+02 2.6t90E-o7 25 9.6UOE-15 1.9520E-o4 t.I318E+04 1.8040E+07 8.3250E+03 
42.0- 47.0 5. n90E+07 2. 9700E-o6 195 2.0890E-o6 8.6810E+02 1.4970E-IO 25 2.2420E-20 1.3000E-o7 7.5123E+OO 5.6580E+01 1.4740E+OI 
47.0 52.0 3.4440E+07 I. 9690E-o6 57 I. 5930E-O& I. 3090E+03 1.0880E-o9 25 1.1840E-18 1.4250E-o6 4. 9067E+Ol 2.4350E+OJ 9.6720E+OI 

' TOTAL 5.6139E+08 9.1455E+05 + DR 1.9930E+05 
"' "' -------' 1 Lake surface area (lll!ters squared) used to calculate stratUM volUMe 10as 1.1910E+07 

2 Depth ~~easured bel011 transducer, lihich 10as I • froa surface. 

-

-
-
-

-

-

-




Appendix Table 20. Hydroacoustic esti.ate of fish inhabiting Area 31 Kenai -Lake, Alaska based on Transect 12A !night surveyl integrator output. 
I 

------------------------------------------------------------------------------------------------
Depth

2 
Stratllll Mean Nllllber standard NUMber Mean Fish Esti111ated Cor,fidence 

Stratllll Vollllle Sig.a Echoes Deviation A Integrator of Integrator Density Number of Limits 
l•l hr"3) Used Sig111a Constant Output Sequences Variance (no. /lr"Jl Fish Variance 195") 

------- -----------------------------------------------
2.0- 7.0 5.2650E+07 1.0500E-o5 m 1.0610E-05 2.4550E+02 a. 7800E-o7 28 &.6030E-13 2. 15&CIE -Q4 1.1351E+04 1.1110E+08 2.0&&0E+04 
7.0- 12.0 5.2350E+07 1.1150E-o5 1258 4.3390E-o5 2.3120E+02 5.9780E-o& 28 4.9460E-12 1.3820£-03 7.23&3E+04 7.8770E+08 5. 5010E+04 

12.0 17.0 5.1790E+07 &.&990E-06 178 7.0620E-o& 3.8490E+02 &.2940E-o& 28 1.&930E-12 2. 422CIE-QJ 1.Z547E+05 7. 7100E+08 5.4420E+04 
17.0- 22.0 5.0930E+07 4. 7390E-o& 275 5.2820E-06 5.4400E+02 4.0640£-o& 28 5.2640E-13 2.2110E-QJ 1.1Z59E+05 4.6140E+08 4.2100E+04 
22.0 27.0 4.9310E+07 4.3&10E-o& 264 3.8150E-o& 5.9120E+02 2.4330E-06 28 2.9020E-13 1.4380E-QJ 7.0920£+04 2.6120E+08 3. 1680E+04 
27.0- 32.0 4.8190E+07 4.5&40E-o& 308 3.6840E-o& 5.&490E+02 1.8020E-o& 28 2.0500E-13 1.0180E-QJ 4.9063E+04 1. 5700E+08 2.4560£+04 
32.0 37.0 4.7340E+07 4.3990E-06 190 2.9150E-06 5.86!0E+02 6.0760£-o7 27 2.&750E-14 3.5&10E-o4 1.6860E+04 2.1250E+07 9.0350E+03 
37.0- 42.0 4.6280E+07 3.4600E-o& 1011 2.9980E-o& 7.4510E+02 &.IOIOE-o& 27 5. 9220E-16 4.5460E-o5 2.1037E+OJ 7.0740E+05 1.6490E+03 
42.0 47.0 4.2870E+07 2.9700E-o& 195 2.0890E-o& 8.6810E+02 1.5370E-08 2& 1.2860E-1& 1.3340E-05 5. 7211E+02 1.7890E+05 8.2910E+02 
47.0 52.0 3.8540E+07 I. 9690E-o& 57 1.5930E-o& 1.3090£+03 O.OOOOE+OO 25 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 

------------- ----------------------
I TOTAL 4.8025E+08 4.6129E+05 + OR 9.9390£+04 0\ 

co -----------------------------------I 

~ Lake surface area (meters squared) used to calculate stratUII vollllle was 1.0540E+07. 
Depth measured below transducer, which was I • fr~ surface. 

-

-

-

-
-

-




Appendix Table 22. Hydroacoustic estioate of fish irilabiting Area 31 Kenai Lake, Alaska based on Transect 13A (night survey) integrator output. 
I 

-----------------------------------------------------------------------------------
Depth

2 
Stratua Mean Nuober Standard Nuober Mean Fish Estillilted Confidence 

Stratua Vol1111e Sign Echoes Deviation A Integrator of Integrator Density N1111ber of Limits 
tal (11"31 Used Sigaa Constant Output Sequences Variance !no. /11"31 Fish Variance (95"1 

------ ---------------------------------------------
2.0- 7.0 5.C660E+07 1.0500E-05 177 I. 0610E-{)5 2.4550E+OC 2.7470E-06 21 I.MGOE-12 6. 7450E-o.4 3.5518E+04 3.1590E+08 3.4840E+04 
7.0- ll!.O 5.C680E+07 1.1150E-Q5 1258 4.3390E-o5 2.3120E+OC 5.8030E-06 21 3.0890E-12 1.3420E-o3 7. 0680E+04 5.1850E+08 4.4630E+04 

12.0 17.0 5.C680E+07 6.4760E-06 3306 8.4200E-06 3. 9810E+OC 5.2260E-06 21 3.1950E-12 2.0810E-Q3 1.0960E+05 1.4110E+09 7.3640E+04 
17.0 22.0 5.2660E+07 6.1620E-o6 188 5.9nOE-06 4.1840E+OC 5.6760E-06 21 6.4720E-12 2.3750E-Q3 1.2508E+05 3.2210E+09 1.1120E+05 
22.0 27.0 5.2420E+07 6.1940E-06 164 5.0470E-06 4.1620E+OC 2.1l!30E-06 21 3.9920E-13 8. 8360E-Q.4 4.6313E+04 1.9870E+08 2. 7630E+04 
27.0 32.0 5.1490E+07 3.8570E-o6 zo1 3.0930E-06 6.6840E+OC 2.1090E-o6 21 4.0310E-13 1.4090E-QJ 7.2575E+04 4. 9440E+08 4.3580E+04 
32.0 37.0 5.0160E+07 3. 7240E-06 1!695 3.8050E-06 6. 9230E+OC 7.9300E-07 21 4.3270E-14 5.4900E-04 2.7537E+04 5.2470E+07 1.4200E+04 
37.0- 42.0 4.9520E+07 3.4600E-o6 lOll 2. 9980E-06 7.4510E+OC 2.8130E-Q7 20 I. 6100E-14 2. 0960E-o.4 1.0381E+04 2.2000E+07 9.1940E+03 
42.0 47.0 4.8780E+07 2.9700E-06 195 2.0890E-06 8.6810E+OC 3.C650E-08 20 5.3290E-16 2.8340E-05 1.3825E+03 9.£.050E+05 1.9210E+03 
47.0 52.0 4.8220E+07 I. 9690E-06 57 1.5930E-06 1.3090E+03 O.OOOOE+OO 20 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 

------------------------------------
I TOTAL 5.1127E+08 4.9907E+05 + OR 1.5480E+05 ...... 

0 -------------- - -------------------------------------------------
I 1 Lake surface area taeters squared) used to calculate stratua voluae was 1.0540E+07 

2 Depth measured below transducer, IIIlich was I • froa surface. 

-
-
-
-
-

-
-

-




Appendix Table 24. Hydroacoustio estioate of fish inhabiting Area 41 Kenai .Lake, Alaska based on Transect 14A !night surveyl integrator output. 
I 

---------------------------------------------------
llepth

2 
StratUII llean NUIIber Standard NUIIber Mean Fish Esti11ated Confidenoe 

StratUII VolUIIe Sig•a Eohoes Deviation A Integrator of Integrator Density Nu11ber of LiMits 
l1l 1••3) Used Sig•a Constant Output Sequenoes Varianoe lno./r3l Fish Variaroce 195-'l 

--------- ------------------ ----------------------------------------------------
2.0- 7.0 7.1790E+07 1.0500E-05 1n 1.0610E-o5 2.4550E+02 1.5800E-06 24 1.5470E-12 3.8800E-o4 2.7852E+04 4.8500E+08 4.3160E+04 
7.0- 12.0 7.1590E+07 1. !150E-Q5 1258 4.3390E-o5 2.3120E+02 7.4360E-Q6 24 1. 3030E-!1 1. 7190E-o3 1.2309E+05 3. 7530E+09 1.2010E+05 

12.0 17.0 7. !190E+07 6.4760E-06 3306 8.4200E-o6 3.9810E+02 9.0010E-Q6 24 4.4700E-12 3.5830E-03 2.5511E+05 3.6240E+09 1.1800E+05 
17.0- 22.0 7.0930E+07 5. 7720E-Q6 299 6.0400E-06 4.4670E+02 4. 7310E-Q6 24 1.4120E-12 2.1!30E-o3 1.4991E+05 1.5000E+09 7.5920E+04 
22.0 27.0 7.0780E+07 4.9470E-Q6 444 4.0820E-Q6 5. 2120E+02 8.0320E-06 24 4.9850E-12 4.1860E-o3 2.9626E+05 6.9180E+09 1. 6300E+05 
27.0- 32.0 7.0620E+07 3.8320E-o6 510 3.4800E-Q6 6. 7280E+02 9.7190E-Q6 23 1. 8380E-11 6.5390E-o3 4.6179E+05 4.1850E+10 4.0100E+05 
32.0 37.0 7.0450E+07 3.4450E-o6 625 2.9490E-06 7.4840E+02 2.8680E-06 23 1.4060E-13 2.1460E-oJ 1.51!9E+05 4.1760E+08 4.0050E+04 
37.0 42.0 7.0260E+07 3.5500E-o6 219 3.0050E-o6 7.2630E+02 6.8060E-Q7 23 2.1250E-14 4.9430E-04 3.4727E+04 5.9260E+07 1. 5090E+04 
42.0- 47.0 6.9960E+07 2.9700E-06 195 2.0890E-Q6 8.6810E+02 1.0840E-o7 23 2.4340E-15 9.4140E-05 6.5862E+03 9.0880E+06 5.9090£+03 
47.0- 52.0 3.8830E+07 1. 9690E-06 57 1.5930E-Q6 1.3090E+03 1.1370E-o9 23 1. 2930E-18 1.4890E-o6 5.7819E+01 3.3810E+03 1.1400£+02 

----------------
I TOTAL 6. 7640E+08 1.5066E+06 + OR 4. 7450E+05 __, 

N ------------------------------------------I 1 Lake surfaoe area loeters squared) used to oaloulate stratu• volUIIe was 1. 4370E+07. 
2 Depth oeasured bel011 transducer, llhioh was 1 • froo surfaoe. 

-

-

-
-

-




Appendix Table 26. Hydroacoustic estioate of fish inhabiting Area 41 Kenai Lake, Alaska based on Transect !:ill (night survey) integrator output. 
1 

----------------- ---------------------------------------------
Depth

2 
StratUII Mean NUIIber Standard N1111ber Mean Fish Estir~ated Confidence 

StratUII VolUIIS Sigoa Echoes Deviation A Integrator of Integrator Density Nu11ber of Li•its 
lol 111"3) Used Sigoa Constant Output Sequences Variance lr10. /III"Jl Fish Variance (95~) 

----- -------------------------------------
2.0 7.0 7.1810E+07 1. 0500E -()5 1n 1. 0610E-o5 2.4550£+02 O.OOOOE+OO 27 o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
7.0- 12.0 7.1690£+07 1. 1150E -()5 1258 4. 3390E-o5 2.3120£+02 I. 3140E-o6 27 6.0290E-13 3. 0390E --Q4 2.17ME+04 1. 7140E+08 2.5660£+04 

12.0 17.0 7.1590£+07 6.4760£-06 3306 8.4200E-06 3. 9810E+02 1. 7380E-06 27 1.1910E-12 6.9190E-04 4.9SJ1E+04 9.6890E+08 6.1010E+04 
17.0- 22.0 7.1450£+07 5. 2610E-o6 4648 5. 9940E-o6 4. 90!0E+02 1.4240E-o6 27 4.1200E-13 6. 9780E--<l4 4. 98S6E+04 S.0590E+08 4. 4080E+04 
22.0 27.0 7.1290E+07 4.4860£-06 4383 4.2580£-06 5.7470E+02 8.2900E-o7 27 6.2060E-14 4. 7650E--<l4 J.J968E+04 1.0440E+08 2.0030E+04 
27.0- 32.0 7.IIOOE+07 4.1000E-o6 3789 3.5950£-06 6.2880E+02 4.9920E-o7 27 2.7370E-14 3.1390E-o4 2.2320E+04 5.4820E+07 1.4510E+04 
32.0 37.0 7.0720E+07 3.7240E-o6 2695 3.8050E-o6 6.92JOE+02 7.2060E-08 26 2.0110E-15 4.9890E-05 J.52ME+03 4.8270E+06 4. 3060E+OJ 
37.0- 42.0 7.0460E+07 3.4600E-o6 1011 2. 9980E-o6 7.4SIOE+02 3. 98JOE-o8 26 6.3840E-16 2.9680E-o5 2.09llE+OJ 1.76JOE+06 2.60JOE+03 
42.0 47.0 7.02JOE+07 2.9700E-06 195 2.0890£-06 8.6810E+02 1.8190E-o8 26 3.3080E-16 1.5790E-o5 1.1089E+OJ 1.2330E+06 2.1760E+03 
47.0 52.0 4. 7SJOE+07 1. 9690E-o6 57 1. 59JOE-o6 1.3090E+03 O.OOOOE+OO 26 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 0. OOOOE+OO 

-------------------------
I TOTAL 6.8787E+08 1.8419E+OS + OR 8.3460E+04 ....., 

""' --------------------------------I 
1 Lake surface area liSters squared) used to calculate stratuo voluoe was 1.4370E+07 
2 Depth ~easured bel.., transducer, IIIlich was I 1 froo surface. 

-

-

-

-

-
-

-



Appendix Table ~8. Hydroacoustic estimate of fish inhabiting Area 5, Kenai lake, Alaska based on Transect 16A (night survey> integrator output. 
1 

----------------------------------
Depth

2 
StratUII Mean Nuober Standard NWiber Mean Fish Estimated Confidence 

StratWI VolWII! Sigoa Echoes Deviation A Integrator of Integrator Density Number of Limits 
(o) (11"3) Used Sigma Constant Output Sequences Variance (oo./or'Jl Fish Variance (951() 

----------------- --------------------------------------------------------------
2.0- 7.0 5.4620Et07 1.0500E-o5 177 1.0610E-o5 2.~550Et02 5.62~-06 33 ~.1750E-12 1.3810E-Q3 7.:K26E+04 7.8370E+08 5.~70Et04 

7.0- 12.0 5.46~+07 1.1150E-o5 1258 ~.3390E-o5 2.3120Et02 2.0970E-06 33 8.4060E-13 ~.8~0E-Q4 2.~88E+04 1.4260Et08 2.3~10Et0~ 

12.0 17.0 5.~20Et07 6.~760E-06 3306 8.~-06 3. 9810Et02 1.~50E-06 33 1.8830E-13 ~.1590E-04 2.1718E+04 8. Hi30E+07 1. 7710Et04 
17.0 ~.0 5.0320Et07 5. 2610E-06 5.~0E-06 ~.9010E+02 2.0510E-06 32 5.H70E-13 1.0050E-Q3 5. 0576E+04 3.5020E+08 3.6680E+04 
~.0- 27.0 4.9390Et07 4.~-06 ~383 4.2580E-06 5.7~70Et02 5.8170E-o7 32 4. 5720E-1~ 3.~30E-04 1. 6510E+04 3.6890Et07 1.1900E+04 
27.0 32.0 4.7680Et07 4.1000E-06 3789 3.5950E-06 6.2880Et02 5.6710E-o7 31 7.5660E-1~ 3.5660E-Q4 1. 7004E+04 6.8070Et07 1.6170E+04 
32.0- 37.0 4.6620Et07 3.72~-06 2695 3.8050E-06 6.9230Et02 1.0960E-o7 30 2.9510E-15 7.5860E-Q5 3.5361E+03 3.0780E+06 3.~390Et03 

37.0- 42.0 ~.5680Et07 3. ~600E-06 1011 2. 9980E-06 7.~510Et02 3.~770E-o9 30 1.07~-17 ~.4420E-o6 1.1156E~ 1. 2450Et04 2.1870Et02 
42.0- ~7.0 ~.~170Et07 2.9700E-06 195 2.0890E-06 8.6810Et02 O.OOOOE+OO 29 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
~7.0- 52.0 3.0800Et07 1. 9690E-06 57 1.5930E-06 1.3090Et03 2.5850E-10 29 6.6830E-20 3.3850E-Q7 1. 0424E+01 1.0990E+02 2.0550Et01 

----------------
' TOT IV. 4. 7614E+08 2. 1138E+05 + OR 7.5050EtO~ ...... 
"' --------------------------------' 1 Lake surface area (meters squared) used to calculate stratWI volWII! ""s 1. 0930Et07. 

2 Depth oeasured belooo transducer, which was 1 • froo surface. 

-
- ~ 

-

-



AppendiK Table 30. Hydroacoustic estiaate of fish inhabiting Area 51 Kenai .Lake, Alaska based on Transect 17 !night survey! integrator output. 
1 

-------------------------------------------------------------------------------------
Depth

2 
Stratllll Mean NUIIber Standard NUIIber Mean Fish EstiMated Confidence 

StratUII Vohuoe Sig.a Echoes Deviation A Integrator of Integrator Density Nuaber of Limits 
!al ho"3l Used Sig11a Constant Output Sequences Variance (no. /a"Jl Fish Variar.ce (95~) 

------------------------------------------------------------------------------------------
2.0- 7.0 5.4630E+07 1.0500E-05 177 1. 0610E-05 2.4550E+02 3. 3540E-o7 11 7.IOIOE-g 8.2340E-o5 4.4'38JE+OJ 1.2890E+07 7.0380Et03 
7.0- 12.0 5.4650E+07 1.1150E-05 1258 4.3390E-05 2.3120E+02 6.6120E-o7 11 3.3nOE-13 1.5290E-04 8.3554E+03 5.4770E+07 1.4510Et04 

12.0- 17.0 5.4650E+07 6.4760E-o6 3306 8.4200E-o6 3. 9810E+02 2.5620E-o7 11 2.5560E-14 1.0200E-04 5.5746E+03 1.2120E+07 6.8230E+03 
17.0- 22.0 5.4650E+07 5.2610E-o6 4648 5. 9940E-o6 4.9010E+02 4.1920E-o7 11 7.1180E-14 2.0540E-o4 1.1226E+04 5.1090E+07 1.4010E+04 
22.0- 27.0 5.4650Et07 4.4860E-o6 4383 4.2580E-06 5.7470E+02 4. 7300E-oB 11 2.2370E-15 2. 7180E-o5 1.4856E+03 2.2070E+06 2.9120E+03 
27.0- 32.0 5.4650Et07 4.1000E-o6 3789 3.5950E-o6 6.2880E+02 o.OOOOE+OO 11 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
32.0 37.0 5.4650E+07 3. 7240E-o6 2695 3.8050E-o6 6.9230E+02 O.OOOOE+OO 11 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
37.0 42.0 5.4650E+07 3.4600E-o6 1011 2.99BOE-o6 7.4510E+02 O.OOOOE+OO 11 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
42.0 47.0 5.4650E+07 2.9700E-o6 195 2.0890E-o6 8.6810E+02 o.OOOOE+OO 11 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
47.0- 52.0 5.4650E+07 I. 9690E-o6 57 I. 5930E-o6 1.3090E+03 O.OOOOE+OO 11 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
---------- --------------------

I TOTAL 5.4648E+OB J.1140E+04 + OR 2.2610Et04 _, 
00 --------------------------------------------------
I 2 Lake surface area (aeters squared) used to calculate stratua volUIIe was I. 0930Et07. 

2 Depth aeasured bel'"' transducer, otoich was I • froa surface. 

-

-

-


-




Appendix Table 32. Hydroacoustic esti•ate of fish inhabiting Area 51 Kenai Lake, Alaska based on Transect 19 (night surveyl . t I 1ntegrator outpu • 

--;;:pt1"-
----------------------------------

Stratu. Mean Nu.ber Standard NWDber Mean Fish Esti•ated Confidence 
Stratu. Volu.. Sigu Echoes Deviation A Integrator of Integrator Density Nu11ber of Limits 

t•l ho"3l Used Sig•a Constant Output Sequences Variance tno./r3l Fish Variance (95%) 
------ ---------------------------------------

2.0- 7.0 5.4540£+07 I.OSOOE-os 177 1.0610E-QS 2.4550E+02 I. 7290E-06 10 1.2920E-12 4. 2450E-Q.4 2.3154E+04 2.3490E+08 3.0040£+04 
7.0- 12.0 5.4130E+07 I.IISOE-QS 1258 4.3390E-o5 2.3120E+02 1.6340E-06 10 9.6900E-13 3. n'30E-o.tt 2.0457E+04 I. 5690E+08 2.4550E+04 

12.0- 17.0 5.3610E+07 6.4760E-06 3306 8.4200E-06 3. 9810E+02 2.3750E-06 10 2.4630E-12 9. 4540E-Q.4 5.0683E+04 1.1230E+09 6. 5690E+04 
17.0- 22.0 5.3140£+07 5.2610E-06 4648 5.9940£-06 4. 9010E+02 1.0180E-06 10 2.2330E-13 4. 9880E-Q.4 2.6504E+04 1.5160E+08 2.4140£+04 
22.0 27.0 5.2090E+07 4.4860E-06 4383 4.2580E-06 5.7470E+02 1.2800E-07 10 1.1720E-14 7. 3580E-()5 3.8327E+03 1.0510E+07 6.3530E+03 
27.0 32.0 4.8250E+07 4.1000E-06 3789 3.5950E-06 6.2880E+02 7.8020E-oa 10 2.8070E-15 4. 9060E-()5 2.3672E+03 2.5850E+06 3.1510E+03 
32.0 37.0 3.3800E+07 3.7240£-06 2695 3. SOSOE-06 6.9230E+02 O.OOOOE+OO 10 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
37.0- 42.0 2.2310E+07 3.4600E-06 IOU 2. 9980E-06 7.4510E+02 2.3270E-o7 6 5. 4130E-14 I. 7340E-Q.4 3.868SE+03 I. 4980E+07 7.5850E+03 
42.0- 47.0 5.1060E+06 2.9700E-06 195 2.0890E-06 8.6810E+02 O.OOOOE+OO 4 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
47.0- 52.0 o.OOOOE+OO 1. 9690E-06 57 1.5930E-06 1.3090E+03 O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 

' --------------------
"' TOTAL 3.7698E+08 1.3087E+05 + OR 8.0690E+04 0 

' ---------------------------
~ Lake surface area h10ters squared) used to calculate stratu. volu .. was 1.0930E+07 

Depth Easured belooo transducer, Mhich was 1 • f~ surface. 

-

-

-


-




Appendix Table 33, continued. Hydroacoustic estimate of the n1111ber of fish per 1000 square meters in Skilak Lake, 
October, 1986. 

Transect Sequence Sequence 
Number Group Nulber 

I 1-5 
2 6-10 
3 11-15 
4 16-20 
5 21-25 
6 26-30 
7 31-35 
8 36-40 
9 41-42 

5 I 26-28 
2 21-25 
3 16-20 
4 11-15 
5 6-10 
6 1-5 

6 1 1-5 
2 6-10 
3 11-15 
4 16-20 
5 21-25 
6 26-28 

Integrator Output 
Density Estimate and 

95% Confidence Interval 

llean 
Output 

SaiDle Standard A Mean Standard Lower 
Variai'ICI! Size Deviation Constant Density Deviation Bound 

8.0680E-o5 J.OOOOE-o9 5 5.4772E-o5 4,525Ei02 J7 25 -13 
1.1210E-o4 4.0690E-o9 5 6. J789E-o5 4. 525Ei02 Sl 29 -7 
I. 2&DOE-o4 5. 9830E-o9 5 7. 7350£-oS 4.525£-102 57 35 -13 
2. 0750E-o4 I. 2620E-o8 5 1.1234E-o4 4.525Ei02 94 51 -8 
3.1580E-o4 6.!860E-oa 5 2.1t872E-()4 4.525E+02 143 113 -82 
4.6180E-o4 1. 9520E-oa 5 1. 3971E-o4 4.525£+02 209 63 83 
7.2370E-o4 4.3640£-oa 5 2. 0890£-()4 4.525£+02 327 95 138 
5.5170£-()4 2. 7530E-o8 5 1. 6592[-()4 4.525E+02 250 75 99 
7. 8450£-()4 1.1460E-o6 2 1.0705E-o3 4.525£+02 355 484 -614 

3. 4330£-()4 5.8620£-oa 3 2. 4212E-o4 4. 740£+02 163 115 -67 
1. 6020£-()4 5.0820E-o9 5 7.1ZSBE-o5 4. 740£+02 76 34 8 
2.4710E-o4 1.4960E-o8 5 I. 2231E-o4 4. 740£+02 117 58 I 
3. 2290£-()4 3.6080£-oa 5 1.8995£-()4 4. 740£+02 153 90 -27 

1.8180E-o4 2.6880E-o9 5 5.!846E-o5 4. 740£+02 S6 25 37 
1. 3210£-()4 8.81SOE-o9 5 9.3888E-os 4. 740£+02 63 45 -26 

1. 4830£-()4 4.3070E-o9 5 6.562SE-o5 3. 941E-+02 58 26 7 
1.8080E-o4 7.5800E-o9 5 a. 7063E-os 3.941E-+02 71 34 3 

I. 6280E-o4 1. 9480£-oa 5 1. 3957E-o4 3.941£-102 64 55 -46 
I. 9730E-o4 1.0330E-o8 5 I. 0164E-o4 3.941E-+02 78 40 -2 
2.4170£-()4 1.5530E-o9 5 3.9408E-os 3. 941E-+02 95 16 64 
1. 8760£-()4 4.0740£-oa 3 2. 0184£-()4 3. 941E-+02 74 80 -85 

-82-

Upoer 
Bound 

86 
108 
127 
196 
368 
335 
517 
400 

1324 

392 
144 
233 
333 
135 
152 

110 
140 
174 
158 
126 
233 



Aopendix Table 34, I:OIItinued. Hydroacoustic estiMate of the n1111ber of fish per 1000 square meters in Kenai Lake, 
Septe~ber, 1986. 

Density Est iute and 
Integrator Output 95% Confidence Interval 

-----------------Transect SeQuence Seouence Mean SaMple Standard A Mean Standard LOIII!r Upper 
Number Group Nwiber Out out Variance Size Deviation Constant Density Deviation Bound Bound 

---- ------------
13A 1 16-21 1. 5)9(E-Q4 1. 7405E-o8 6 1.3193E-o4 5.047E+02 76 67 -57 209 

2 11-15 !. 2300E-o4 B. 6556E-o9 5 9.3035E-os 5.047E+02 62 47 -32 156 
3 6-10 7.9751E-o5 2.0611E-o9 5 4.smE-os 5.047E+02 40 23 -6 86 
4 1-5 !.2J28E-o4 1.6743E-o8 5 1.2939E-o4 5.047E+02 62 65 -68 193 

12 I 1-5 1.1!66E-o4 1.0341E-o8 5 1.0!69E-o4 5.294E+02 59 54 -49 167 
2 6-10 I. 7105E-o4 3. 7209E-o9 5 6.0999E-o5 5.294£~2 9! 32 26 !55 
3 11-15 9.1493E-o5 8. 717:E-o9 5 9.3366£-()5 5.294£+02 48 49 -50 147 

12A I 26-28 7.9238E-o5 4. 7921E-o9 3 6.9225£-()5 5.221E+02 41 36 -31 114 
2 21-25 M502E-o5 2. 62'*:-o9 5 5.1278E-o5 5.221E+02 39 27 -15 92 
3 16-20 1.0360E-o4 ~. 7~1E-o9 5 6.8885E-o5 5.221E+02 54 36 -18 . 126 
4 1!-15 7.693:£-()5 I. 7995E-o9 5 4.2~1E-Q5 5.221E+02 40 22 -4 84 
5 6-10 1.1252E-o4 3.2386E-o9 5 5.6909E-o5 5.221E+02 59 30 -I 118 
6 1-5 2.0592E-o4 3.!732E-o8 5 I. 781:E-o4 5.221E+02 !08 93 -78 294 

II I 1-5 !.0605E-o4 ~. 9437E-o9 5 7.0311E-o5 5.947E+02 63 42 -21 147 
2 6-10 6. J564E-o5 7. i!822E-I 0 5 2.6986E-Q5 5. 947E+02 38 16 .6 70 
3 11-12 7.0822E-o5 6.078:E-IO 2 2.4654£-()5 5.947E+02 !5 13 71 

IIA 21-25 4.549:E-o4 I. 9967E-o8 5 I. 4130E-o4 5.172E+02 235 73 89 381 
2 16-20 7. 7324E-Q5 4.2253E-o9 5 6.5002E-Q5 5.172E+02 40 34 -27 107 
3 11-15 1.862!E-o4 3. OIB:E-o9 5 5. 4939E-o5 5.172E+02 96 28 39 153 
4 6-10 I. 7539E-o4 1.4977E-o8 5 1.2238E-o4 5.172E+02 91 63 -36 217 
5 1-5 4.6788E-Q5 1.3249E-o8 5 I. !510E-o4 5.172E+02 24 60 -95 143 

10 I 1-5 2.8512E-o4 9.3777E-o9 5 9.6839E-o5 5.123E+02 146 50 47 245 
2 6-10 8. 4697E-o4 4. 8935E-o8 s 2.2121E-o4 S.I23E+02 434 113 207 661 
3 !!-IS 9.290SE-o4 3.388:E-o8 s !. 8407E-o4 5.123E+02 476 94 287 665 
4 16-20 S.9921E-o4 2.8581E-o7 s S.3461E-o4 5.123E+02 307 274 -241 ass 

lOA I 21-22 2.4709E-o4 1.8345E-o8 2 1.3544E-o4 S.203E+02 129 70 -12 270 
2 16-20 4. 931:E-o4 1.8345E-o8 s l.~-o4 s. 20:£+02 257 70 116 398 
3 I !-IS S.6857E-o4 3.2342E-o9 s 5.6870E-Q5 S.203E+02 296 30 237 355 
4 6-10 2. 7357E-o4 2.6969E-o8 s l.~-o4 S.203E+02 I~ 85 -29 313 
s 1-5 !.5529E-o4 2. 4596E-o9 s 4.9594£-()5 S.203E+02 81 26 29 132 

I 1-5 2.3036E-o4 !. 6376E-o8 s !.2797E-o4 5.047E+02 116 65 -13 245 
2 6-10 2.0848E-o4 1.614SE-o8 s 1.2706E-o4 S.047E+02 !OS 64 -23 233 
3 !!-IS 2. 760:E-o4 6.SB77E-o9 s 8. 116SE-Q5 5.047E+02 !39 41 57 221 

Continued 

-84-
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Appendix Table 35. Hydroacoustic esti•ate of fish inhabiting Area 11 Kenai lake, Alaska based on Transect 6 (day survey> integrator output. 
1 

-------------------------------------------------
Depth2 Stratuo Mean Nullber Standard Nuober Mean Fish Estioated Confider.ce 

Stratuo Voluoe Sigoa Echoes Deviation A Integrator of Integrator Der1sity Nu11ber of Li•its 
(I) <•'31 Used Sigoa Constant Output Sequences Variance (no. /•AJ) Fish Variance (95~) 

------ ----------------------------------------------------------------
2.0- 7.0 3.8520Et07 5.5870E-o6 222 4. 7730E-o6 4. 6150E+02 O.OOOOE+OO 7 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
7.0- 12.0 3.7560Et07 5.5870E-o6 222 4. 7730E-o6 4.6150Et02 O.OOOOE+OO 7 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 

12.0- 17.0 3.4890E+07 5.5870E-o6 222 4. 7730E-o6 4.6150E+02 2.0120E-o6 7 4.0050E-12 9. 2860E-o4 3.2397E+Oit I.Oit20E+09 6.3250E+04 
17.0- 22.0 2. 9980Et07 5.5870E-o6 222 4. 7730E-o6 4.6150E+02 5.4830E-oa 7 3.0060E-15 2.5300E-05 7.5863E+02 5. 7740Et05 1.4890Et03 
22.0 27.0 2.3380Et07 5.5870E-o6 222 4. 7730E-o6 4.6150E+02 O.OOOOE+OO 6 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 0. OOOOE+OO 
27.0- 32.0 7.1730E+06 5.5870E-o6 222 4. 7730E-06 4. 6150£+02 O.OOOOE+OO 4 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
32.0 37.0 O.OOOOE+OO 5.5870E-o6 222 4. 7730E-o6 4. 6150E+02 O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
37.0 42.0 O.OOOOE+OO 5.5870E-o6 222 4. 7730E-o6 4.6150£+02 O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
42.0 47.0 O.OOOOE+OO 5.5870E-o6 222 4. 7730E-o6 4.6150£+02 O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
47.0- 52.0 O.OOOOE+OO 5.5870E-o6 222 "· 7730E-06 4.6150£+02 O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
52.0 57.0 O.OOOOE+OO 5.5870E-o6 222 4. 7730E-o6 4.6150E+02 O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 0. OOOOE+OO 

I 57.0 62.0 O.OOOOE+OO 5.5870E-o6 222 4.7730E-06 4.6150£+02 O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO 0. OOOOE+OO O.OOOOE+OO O.OOOOE+OO 00 

"' 62.0 67.0 O.OOOOE+OO 5.5870E-o6 222 4. 7730E-o6 4.6150E+02 O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO I 

67.0- 72.0 O.OOOOE+OO 5.5870E-o6 222 4. 7730E-o6 4.6150£+02 O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO (), OOOOE +00 0. OOOOE+OO O.OOOOE+OO 
72.0- 77.0 O.OOOOE+OO 5.5870E-o6 222 4. 7730E-o6 4.6150E+02 O.OOOOE+OO 0 I. OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
77.0- 82.0 o.OOOOE+OO 5.5870E-o6 222 4. 7730E-06 4.6150£+02 O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO (). OOOOE +00 O.OOOOE+OO O.OOOOE+OO 
82.0- 87.0 O.OOOOE+OO 5.5870E-o6 222 4. 7730E-o6 4.6150£+02 O.OOOOE+OO 0 I. OOOOE+OO O.OOOOE+OO O,OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
87.0 92.0 O.OOOOE+OO 5.5870E-o6 222 4.7730E-06 4.6150£+02 O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
92.0 97.0 O.OOOOE+OO 5.5870E-o6 222 4. 7730E-o6 4. 6150Et02 O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
-------- ---------------------------------------------------------------

TOTAl I. 7150E+08 3.3156E+04 + OR 6.3270Et04 
----------------------------------------- --------------------------------------------------------------
1 Lake surface area (meters squared) used to calculate stratuo voluoe was 7. 7200E+06. 
2 Depth ll!!asured below transducer, IIIlich was I 1 froo surface. 

-

-
-
-

-
-
-

-
-

-




Appendix Table 37. Hydroacoustic estimate of fish inhabiting Area 2, Kenai Lake, Alaska based on Transect 9 !day survey> integrator output. 
I 

_______________ ..J. __________________________________________________________________________ 

Deoth
2 StratUJI i'lean NWDber Standard Number Mean Fish Estimated Confidence 

Stratum Volume Sig•a Echoes Deviation A Integrator of Integrator Density N1111ber of Li•its 
(M) (oA3) Used Sigma Constant Output Sequences Variance (no./11"'31 Fish Variance (95l() 

----------------------------------------------------------------------------------------------------------------
2.0 7.0 S.9Z40E+07 5.1080E-06 1172 5.2050£-06 5.0470E+02 3.7210E-06 12 1.1060£-11 1.8780E-03 1.1127E+05 9.8980E+09 1.9500E+OS 
7.0- 12.0 5.7500E+07 5.1080E-06 1172 5.2050E-06 5.0470E+02 2.3580E-Q6 12 5.3710E-12 1.1900E-03 6. 8450E+Oit 4.5290E+09 1.3190£+05 

12.0 17.0 5.3530E+07 5.1080E-06 1172 5.2050£-06 5.0470E+02 3.5040E-Q7 12 3.7080E-14 1. 7690E-04 9.4683E+03 2. 7150E+07 1.0210E+04 
17.0- 22.0 4.6990E+07 5.1080E-06 1172 5.2050E-06 5.0470E+02 2.0170E-08 10 4.0690E-16 1.0180E-05 4. 7841E+02 2.2910E+OS 9.3810E+02 
2Z.O 27.0 4.2120E+07 5.1080E-06 1172 5.2050E-o6 5.0470E+02 3.6570E-08 9 1.1540£-15 1. 8460E--()5 1. n4SE+02 5.2Z40E+05 1.4170E+03 
21.0 az.o 3.9290E+07 5.1080E-Q6 1172 5.2050E-06 5.0470E+02 1.2770E-Q7 9 5. 5640E-15 6.4440E-Q5 2.5318E+03 2.1930E+06 2.9030E+03 
JZ.O 37.0 3.8000E+07 S.IOBOE-o6 1172 5.2050£-06 S.0470E+02 2.81SOE-08 8 2.8180E-16 1.4210E-Q5 5.3996E+02 1.0390E+OS 6.3180E+02 
37.0- 42.0 3.6540E+07 S.1080E-06 1172 5.20SOE-06 5.0470E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
4Z.O- 47.0 3.5490E+07 5.1080E-06 1172 5.2050E-06 5. 0470E+02 1.1820E-07 8 1.3510E-14 5.9680E-o5 2.1181E+03 4.3400E+06 4.0830E+03 

' 47.0- 52.0 3.H80E+07 5.1080E-06 1172 5.2050E-Q6 5.0470E+02 7.6260E-o& 8 5.6220E-15 3. 8490E--()5 1.3270E+03 1. 7040E+06 2.5590E+03 
co 52.0- 57.0 3.3990E+07 5.1080E-06 1172 5. 2050E-06 5.0470E+02 O.OOOOE+OO a O.OOOOE+OO o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO co 
' 57.0- 62.0 3.3790E+07 5.1080E-Q6 1172 5.2050E-06 5.0470E+02 1. 4910E-o9 8 2.2220E-18 7.5250E-07 2.5426E+01 6.4710E+02 4.9860E+OI 

62.0- 67.0 3.2340E+07 5.1080E-06 1172 5.2050E-06 5.0470E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
67.0- 72.0 3.1040E+07 5.1080E-Q6 1172 5.2050E-06 5.0470E+02 O.OOOOE+OO 7 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
72.0- 77.0 3.0320E+07 5.1080E-Q6 1172 5.2050E-o6 5.0470E+02 1.0910E-09 7 1.1910E-18 5.5080E-07 1.6701E+01 2.7320E+02 3.2750E+OI 
77.0 82.0 2.9380E+07 5.1080E-06 1172 5.2050E-06 5.0470E+02 1.7570E-IO 7 3.0860E-20 8.8660E-o8 2.6046E+OO 6.7900E+OO 5.1070E+OO 
82.0- 87.0 2.6290E+07 5.1080E-06 1172 5.2050E-06 5.0470E+02 3.0810E-IO 6 9.4950E-20 I.SSSOE-o7 4.0882E+OO 1.6730E+OI 8.0160E+OO 
87.0 92.0 2.2100E+07 5.1080E-06 1172 5.2050E-06 5.0470E+02 O.OOOOE+OO 5 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
92.0- 97.0 2.0690E+06 5.1080E-Q6 1172 5.2050E-06 S.0470E+02 O.OOOOE+OO 5 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 

-----------------------------------------------------------------------------------------------------------------------------------
TOTAL &.8450E+08 1. 9701E+OS + DR 2.3570E+OS 

-------------------------------------------------------------------------------------------------------------------------------------------
I 1.1910E+08. 
2 

Lake surface area (meters squared) used to calculate stratu• voluoe was 
Depth measured below transducer, which was I m fro• surface. 

-

-

-

-

-


-


-


-



Appendix Table 39. Hydroacoustic estimate of fish inhabiting Area 3, Kenai Lake, Alaska based on Transect II (day survey) integrator output. I 

-----------------------------------------------------------------------------------------------------
Depth 2 StratUII Mean Number standard Nwnber Mean Fish Esti11ated Conf i de"f1ce 

Stratu• Volume Sigma Echoes Deviation A Integrator of Integrator Density NUIIber of Limits 
(m) (M'3) Used Sigma Constant Output Sequences Variance (no./111"31 Fish Variance (95~) 

--------------------------------------------------------------------------------------------------------------------
2.0 7.0 5.1200E+07 4.3350E-Of. 536 4.4310E-06 5.9470E+02 I. 9200E-05 10 2.4940E-IO 1.1420E-<J2 5.8463E+05 2.3200E+Il 9.4400E+05 
7.0- 12.0 5.0400E+07 4.3350E-Of. 536 4.4310E-06 5.9470E+02 4.4290E-o& 10 1.9610E-15 2. 6340E -05 1.3274E+03 I. 7660E+06 2.6040E+03 

12.0- 17.0 4. 9690E+07 4.3350E-06 536 4.4310E-c6 5.9470E+02 2.2840E-08 10 5.2150E-16 I. 3:580E -o:; 6.7485E+02 4.5630E+05 1.3240E+03 
17.0- 22.0 4.9240E+07 4.3350E-06 536 4.4310E-c6 5. 9470E+02 1.8020E-Q7 10 2. 8320E-14 1.0720E-Q4 5.2788E+03 2.4340E+07 9.6710E+OJ 
22.0- 27.0 4.8940E+07 4.3350E-06 536 4.4310E-c6 5.9470E+02 O.OOOOE+OO 10 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
27.0 32.0 4.8640E+07 4.3350E-Q6 536 4.4310E-06 5. 9470E+02 2.5990E-o& 10 2.2490E-16 I. 5460E -o:; 7.5202E+02 1.8930E+05 8.5280E+02 
32.0 37.0 4. 7970E+07 4.3350E-06 536 4.4310E-c6 5. 9470E+02 2.2050E-o7 10 4.8610E-14 1.3110E-o4 6.2903E+03 3.9650E+07 1.2340E+04 
37.0- 42.0 4.7410E+07 4.3350E-06 536 4.4310E-c6 5.9470E+02 4.3950E-o9 10 1.9310E-17 2.6140E-o6 1.2393E+02 I. 5390E+04 2.4310E+02 
42.0- 47.0 4.6840E+07 4.3350E-06 536 4.4310E-06 5.9470E+02 O.OOOOE+OO 10 o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
47.0- 52.0 4.6380E+07 4.3350E-06 536 4.4310E-c6 5. 9470E+02 O.OOOOE+OO 10 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
52.0 57.0 4.5880E+07 4.3350E-06 536 4.4310E-06 5.9470E+02 O.OOOOE+OO 9 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 

' 57.0- 62.0 4.4920E+07 4.3350E-06 536 4.4310E-06 5.9470E+02 O.OOOOE+OO 9 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
"" 62.0- 67.0 4.4270E+07 4.3350E-06 536 4. 4310E-06 5.9470E+02 O.OOOOE+OO 9 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 0 
I 67.0- 72.0 4. 3800E+07 4.3350E-06 536 4.4310E-c6 5. 9470E+02 O.OOOOE+OO 9 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 

72.0- 77.0 4.3140E+07 4.3350E-06 536 4.4310E-06 5.9470E+02 O.OOOOE+OO 9 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
77.0 82.0 4.2650E+07 4.3350E-06 536 4.4310E-c6 5.9470E+02 o.OOOOE+OO 9 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
82.0- 87.0 4.1870E+07 4.3350E-06 536 4.4310E-06 5.9470E+02 O.OOOOE+OO 9 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
87.0- 92.0 4.0390E+07 4.3350E-Q6 536 4.4310E-06 5. 9470E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
92.0 97.0 3.9610E+07 4.3350E-06 536 4.4310E-c6 5.9470E+02 9.5250E-IO 8 6.5590E-19 5.6650E-07 2.2437E+OI 3.6490E+02 3. 7440E+OI 

----------------------------------------------------------------------------------------------------------------------
TOTAL 8.7324E+08 5.9910E+05 +OR- 9.4410E+05 

---------------------------------------------------------------------------------------------------------------------------------------------------
Lake surface area (meters squared) used to calculate stratum volume was I. 0540E+07. 
Depth measured below transducer, ohich was I • frOM surface. 

-

-
-

-

-

-

~ 



Apper.dix Table 41. Hydroacoustic estimate of fish inhabitir•g Area 41 Kenai Lake, Alaska based on Transect 13 !day survey> integrator out13ut. 
1 

---------------------------------------------------------------------------------------------------
Depth

2 
Stratwo Mean Number Standard NUMber Mean Fish EstiMated Confidence 

Stratwo Volu .. Sigoa Echoes Deviation A Integrator of Integrator Density Nu11ber of Limits 
(ol (oA3) Used Sigma Constant Output Sequences Variance lno./r3l Fish Variance 195%) 

---------------------------------------------------------- ----------------------------
2.0- 7.0 7.1800E+07 4. 4060E-o6 1525 4.8950E-06 5.8520E+02 8.8920E-06 11 3. 5520E-11 5.2030E-03 3. 7358E+05 6.2BIOE+IO 4.9120£+05 
7.0 12.0 7.1830E+07 4. 4060E-o6 1525 4.8950£-06 5.8520E+02 3.6410E-os II 1.3260E-15 2.1310£-05 1.5303£+03 2.3440E+06 3.0010E+03 

12.0- 17.0 7.1370E+07 4. 4060E-o6 1525 4.8950E-()6 5.8520E+02 O.OOOOE+OO II O.OOOOE+OO 0.0000£+00 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
17.0 22.0 7.0960£+07 4.4060E-Q6 1525 4.8950E-o6 5.8520E+02 o.OOOOE+OO II O.OOOOE+OO 0.0000£+00 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
22.0 27.0 6.9870E+07 4.4060E-06 1525 4.8950E-06 5.8520E+02 O.OOOOE+OO II O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
27.0 32.0 6.8850E+07 4.4060E-o6 1525 4.8950£-()6 5.8520E+02 O.OOOOE+OO 11 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
32.0- 37.0 6. 7900E+07 4. 4060E-o6 1525 4.8950E-06 5.8520£+02 2. 7840E-o9 11 7.7490£-18 1. 6290£ -()6 1.1061£+02 1.2250£+04 2.1690£+02 
37.0- 42.0 6.6790£+07 4. 4060E-o6 1525 4.8950E-06 5.8520E+02 o.OOOOE+OO 11 o.OOOOE+OO o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
42.0- 47.0 6.5540E+07 4.4060E-06 1525 4.8950E-06 5.8520E+02 O.OOOOE+OO 11 o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
47.0 52.0 6. 4320E+07 4.4060E-o6 1525 4.8950£-06 5.8520E+02 O.OOOOE+OO 11 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 

' 
52.0 57.0 6.3170E+07 4. 4060E-o6 1525 4.8950E-06 5.8520E+02 O.OOOOE+OO 11 o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 

"' 57.0 62.0 6.1990£+07 4.4060E-Q6 1525 4.8950£-06 5.8520E+02 O.OOOOE+OO 11 o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 0. OOOOE+OO O.OOOOE+OO 
N 
I 62.0 67.0 5.9690£+07 4. 4060E-o6 1525 4.8950E-06 5.8520E+02 O.OOOOE+OO 10 o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 

67.0- 72.0 5.8230E+07 4.4060E-G6 1525 4. 8950£-()6 5.8520£+02 0. OOOOE+OO 10 o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
72.0- 77.0 5.6740£+07 4.4060£-()6 !525 4.8950E-06 5.8520E+02 O.OOOOE+OO 9 o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
77.0 82.0 5.4350E+07 4.4060E-06 1525 4.8950E-o6 5.8520E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
82.0- 87.0 5. 3470E+07 4.4060E-06 1525 4.8950£-06 5.8520E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
87.0 92.0 5.2BJOE+07 4.4060E-o6 1525 4.8950£-()6 5.8520E+02 4. 7160E-IO 8 2.2240E-19 2. 7600E-Q7 1.457BE+OI 2.1270£+02 2.8590£+01 
92.0 97.0 5.2430E+07 4.4060E-06 1525 4.8950E-06 5.8520E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 0. OOOOE+OO 

-------------------------------------------------------------------------------------------------------------------------
TOTAL 1.2021£+09 3.7524E+05 +OR- 4.9120£+05 

----------------------------------------------------------------------------------------------------------------------------------
1 1.4370E+07 
2 

Lake surface area !meters squared) used to calculate stratum volu .. was 
Depth measured below transducer, Mhich was I • froo surface. 
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-
-
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-
-
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-
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Appendix Table 43. Hydroacoustic estimate of fish inhabiting Area 5, Kenai Lake, Alaska based on Transect 15 lday survey) integrator output. 1 

--------------------------------------------------------- ------------
Depth2 StratUII Mean NUIIber Standard N1111ber Mean Fish Estimated Confidence 

StratUII Voluae Sigoa Echoes Deviation A Integrator of Integrator Density NUIIber of Li•its 
lml 1111"31 Used Sigma Constant Output Sequences Variance lno./11"'31 Fish Variance 195%) 

-------------------------------------------------------------------------------------------
2.0- 7.0 5.4580E+07 5.3700E-()6 88 5.9470E-Of. 4.8010E+02 3.3930E-05 8 2.5340E-10 1.6290E-o2 8.8927£+05 1.8510E+ll 8.4320E+05 
7.0- 12.0 5.4600£+07 5.3700E-06 88 5.9470£-0f. 4.8010E+02 2. 5380E-o6 8 5.5720[-12 1.2190£-03 6.6546£+04 3.8910E+09 1.2230E+05 

12.0 17.0 5.4590£+07 5.3700E-()6 88 5. 94 70E -()6 4.8010E+02 9. Of.GOE-os 8 5.0140E-15 4.3530E-os 2.3760E+03 3.5220£+06 3.6790E+03 
17.0 22.0 5.4140£+07 5.3700E-06 88 5.9470E-Of. 4.8010E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO 0.0000£+00 0.0000£+00 0.0000£+00 
22.0- 27.0 5. 3500E+07 5. 3700E-()6 88 5.9470E-o6 4.8010E+02 2.3380E-o7 8 2. 35..00€-14 1.1230E-04 6.0061£+03 1.6030£+07 7.8460E+03 
27.0- 32.0 5.2830E+07 5. 3700E-o6 88 5.9470E-()6 4.8010E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
32.0- 37.0 5.2170£+07 5.3700E-Of. 88 5.9470E-06 4.8010E+02 o.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
37.0 42.0 5.1550£+07 5. 3700E-()6 88 5.9470E-o6 4.8010E+02 1. 2110E-()8 8 1.4670E-16 5.8150E-o6 2.9974£+02 9.1100E+04 5.9160E+02 
42.0 47.0 5.0980E+07 5. 3700E-Of. 88 5.9470E-06 4.8010E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO 0.0000£+00 O.OOOOE+OO 0.0000£+00 

I 47.0- 52.0 5.0360£+07 5.3700E-()6 88 5. 9470E-o6 4.8010E+02 1.8230E-()9 8 3.3220[-18 8. 7510E-Q7 4.4069£+01 1.9690E+03 8.6970E+01 
<.::> 52.0- 57.0 4.9530£+07 5.3700E-()6 88 5.9470E-06 4.8010E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO 0.0000£+00 0.0000£+00 O.OOOOE+OO 
I 57.0 62.0 4.8830£+07 S.3700E-o6 88 5.9470E-()6 4.8010E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO 0.0000£+00 0.0000£+00 0.0000£+00 

62.0- 67.0 4.7920E+07 5.3700E-()6 88 5.9470£-06 4.8010E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO o.OOOOE+OO 0.0000£+00 O.OOOOE+OO 
67.0- 72.0 4.6750£+07 5. 3700E-o6 88 5.9470E-Of. 4.8010E+02 O.OOOOE+OO 8 O.OOOOE+OO o.OOOOE+OO 0.0000£+00 O.OOOOE+OO O.OOOOE+OO 
72.0 77.0 4.5670£+07 5.3700E-()6 88 5. 9470E-06 4.8010E+02 0.0000£+00 8 O.OOOOE+OO O.OOOOE+OO 0.0000£+00 O.OOOOE+OO 0.0000£+00 
71.0- 82.0 4.4700E+07 5.3700E-06 88 5.9470£-()6 4.8010E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO 0.0000£+00 0.0000£+00 O.OOOOE+OO 
82.0- 87.0 4. 3110E+07 5.3700E-()6 88 5.9470E-Of. 4. 8010E+02 0.0000£+00 8 O.OOOOE+OO o.OOOOE+OO 0.0000£+00 O.OOOOE+OO O.OOOOE+OO 
87.0- 92.0 4.1670E+07 5.3700E-06 88 5.9470£-06 4.8010E+02 3.4510E-07 8 1.1910£-13 1.6570E-Q4 6. 9042£+03 4.8330£+07 1. 3630£+04 
92.0 97.0 4.0570E+07 5. 3700E-Of. 88 5.9470E-()6 4.8010E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 

-------------------------------------------- ---------------------------------------------------------------
TOTAL 9.3805£+08 9. 7145E+05 + OR 8. 5220E+05 

--------------------------------------------------------------------------------------------------------------------------
~ Lake surface area (meters squared) used to calculate stratuo voluoe was 1. 0930E+07. 

Depth measured below transducer, which was 1 • froo surface. 

-

-


-

-
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-
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Appendi• Table 45. Hydroacoustic estimate of fish inhabiting Area 5, Kenai Lake, Alaska based on Transect 18 (day survey) integrator output. I 

---------------------------------------------------------------------------------------------
Depth2 Stratum Mean Number Standard Number Mean Fish EstiMated Confider.ce 

Stratuo Volume Sigaa Echoes Deviation R Integrator of Integrator Density NuMber of liMits 
(o) (11"'3) Used Sigma Constant Output ~uences Variance (no./111"'3) Fish Variance (95%) 

------------------------------------------------ --------------------------------------------------
2.0- 7.0 5.4520E+07 8.9640E-06 28 !.!880E-o5 2.8760E+02 4.4330E-06 8 9.3?.iOE-12 !.2750E-o3 6.951!E+04 2.6130E+09 1.0020E+OS 
7.0 12.0 5.3070E+07 8. 9640E-06 28 !.1880E-OS 2.8760E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 

12.0 17.0 5.2010E+07 8.9640E-06 28 !.1880E-o5 2.8760E+02 8.1S30E-07 8 2.8S90E-!3 2.3450E-o4 1.2197E+04 7.3330E+07 1.6780E+04 
17.0 22.0 5.1400E+07 a. 9640E-o6 28 !.1880E-o5 2.8760E+02 2.1680E-06 8 1.4S20E-12 6.2360E-o4 3.2052E+04 3.8170E+08 3.8290E+04 
22.0- 27.0 5.0630E+07 8.9640E-06 28 1.1880E-OS 2.8760E+02 1. ntOE-06 8 1.1730E-12 5.0930E-04 2.S786E+04 2.9040E+08 3.3400E+04 
27.0- 32.0 4.9500E+07 8. 9640E-o6 28 1.1880E-OS 2.8760E+02 6.4270E-G7 8 4.1310E-13 !. 84'90E-o4 9.1S01E+03 8.8980E+07 1.8490E+04 
32.0- 37.0 4. 7780E+07 8.9640E-o6 28 1.1880E-OS 2.8760E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
37.0- 42.0 4.6290E+07 8. 9640E-06 28 1.1880E-o5 2.8760E+02 O.OOOOE+OO 7 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
42.0 47.0 4.4620E+07 8.9640E-06 28 !.1880E-o5 2.8760E+02 O.OOOOE+OO 7 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
47.0 52.0 4.2970E+07 8. 9640E-06 28 1.1880E-OS 2.8760E+02 1. 0830E-o8 7 !.!740E-16 3.1160E-o6 1.3389E+02 1.90SOE+04 2. 70SOE+02 
52.0 57.0 4.0680E+07 8.9640E-o6 28 !.1880E-o5 2.8760E+02 O.OOOOE+OO 7 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 

I 
57.0 62.0 3.8200E+07 a. 9640E-06 28 1.1880E-OS 2.8760E+02 0. OOOOE+OO 6 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO <.0 

C1'> 62.0 67.0 3.5980E+07 8.9640E-06 28 1.1880E-o5 2.8760E+02 O.OOOOE+OO 6 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO I 

67.0 72.0 3.3360E+07 8. 9640E-06 28 !.1880E-OS 2.8760E+02 O.OOOOE+OO 6 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
72.0 77.0 2.7880E+07 8.9640E-06 28 !.1880E-o5 2.8760E+02 O.OOOOE+OO 6 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
77.0- 82.0 !. 7310E+07 8.9640E-G6 28 !.1880E-05 2.8760E+02 O.OOOOE+OO 5 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
82.0- 87.0 4.1660E+06 8. 9640E-06 28 !.1880E-OS 2.8760E+02 O.OOOOE+OO 2 O.OOOOE+OO o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
87.0 92.0 O.OOOOE+OO 8.9640E-06 28 !.1880E-OS 2.8760E+02 O.OOOOE+OO 0 1.0000E+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
92.0 97.0 O.OOOOE+OO 8.9640E-o6 28 !.1880E-OS 2.8760E+02 O.OOOOE+OO 0 !.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 

------------------------------------------------------------------------------------------------------
TOTAL 6.9037E+08 1.4883E+OS + DR 1.1SIOE+05 

-------------------------------------------------------------------------------------------------------------------------------
1 !.09030E+07. 
2 

Lake surface area (meters squared) used to calculate stratua volume was 
Depth measured below transducer, which was I • frooo surface. 
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Appendix Figure 1. Echogram of transect lOA (one minute segments 9-12, 
depth interval 5m) in Kenai Lake (night survey), 
Alaska, September 1986. 
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Segments 15 to 17 

'' 

Segments 42 to 45 

Appendix Figure 3. Echogram of transect 1 (one minute segments 15-18 
and 42-45, depth interval 5m) in Skilak Lake 
(night survey), Alaska, October 1986. 
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